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1EFACE TO THE FOUETH EDITION. 


mtion has been carefully revised, and in many 
ant Respects modified. 

■eral passages relating to questions which were 
controversy when the earlier editions appeared 
>een removed,—those questions having been 
i by new evidence, in the sense advocated in 
ginal text. 

ave also omitted several passages from the last 
r, as expressing a more confident opinion about 
s connected with the supervision and control 
universe than I at .present entertain. 


Kichard A- Vrocxor. 






REFACE TO THE SECOND EDITION. 


)NG the additions which have been made to the 
contained ip a former edition are two which 

; first consists of new e\idence against the 
that the cloud-belts of Jupiter and Saturn 
sed by the sun’s heat. I find it difficult to 
e how this evidence can be interpreted other- 
lan by the theory that the belts of the giant 
are generated, maintained, and modified by 
nherent in those planets, and not by any action 
l from without. 

} second is the matter contained in pp. 264, 
74-279, and illustrated by the large plate 
p. 27.5. Rightly understood, the evidence 


I'llEEACE to the second edition. 


1, Within the limits which include the stars visible 
the nuled eye there are laws of aggregation and 
regal ion which the theories h itheiio accepted respect- 
i the fixed stars wholly fail to account for. 

2. The Milky Way is not, as has been so long 
iposed, a stratum of stars of all orders extending 
distances very far exceeding, relatively as well as 
dlively, the distances of the lucid stars,—but is a 
■am, of small stars, amidst which many of the lucid 
rs are immersed. These points seem to be as 
iplctely demonstrated by the evidence adduced as 
i lions of the sort, can ever be. 


Richard A. Proctor. 
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INTRODUCTION. 

itronomy and Geology owe much of their charm to 
e fact that they suggest thoughts of other forms of 
e than those with which we are familiar. Geology 
iches us of days when this earth was peopled with 
■ange creatures such as now are not found upon its 
rface. We turn our thoughts to the epochs when 
ose monsters throve and multiplied, and picture to 
rselves the appearance which our earth then pre- 
uted. Strange forms of vegetation clothe the scene 
rich the mind’s eye dwells upon. The air is heavier 
len with moisture to nourish the abundant flora ; 
ieous reptiles crawl over their slimy domain, battling 
th each other or with the denizens of the forest ; 
[ge bat-like creatures sweep through the dusky 
ilight which constituted the primeval day; weird 
msters pursue their prey amid the ocean depths: 
d we forget, as we dwell upon the strange forms 
rich existed in those long past ages, that the scene 
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nv presented by the earth is no less wonderful, and 
mt, the records of our time may perhaps seem one day 
> perplexing as we now find those of (he geological eras. 

Astronomy has a kindred charm. We cannot in¬ 
sert examine the actual substance of living creatures 
nsting upon other celestial bodies; we cannot pic- 
ire to ourselves their appearance or qualities ; and 
lly in a few instances can we even form any con- 
ptiou of the conditions under which they live. But 
a see proofs on all sides that, besides the world on 
Inch we live, other worlds exist as well cared for and 
nobly planned. Nay, we see globes by the side of 
inch our earth would seem but as a tiny speck; we 
ace these globes as they sweep with stately motion 
i their appointed courses; we watch the return of 
i,y on the, broad expanse of their surface ; and we see 
stems of satellites which are suspended as lights for 
oir nocturnal skies. We further find that our sun is 
atched by a thousand thousand suns amid the im- 
easurable depths of space ; and the mind’s eye pic- 
ires other worlds like those which course around the 
m, travelling in stately orbits around his fellow 
mijiaries. 

Long, however, before the wonders of modem astro- 
uny had been revealed to us, men of inquiring minds 
em to have been led, as by an irresistible instinct, to 
amine into the resemblance which may exist between 
lr world and other worlds surrounding it on every 
de. It has not been the mere fanciful theoriser who 
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ave been made on every side. Analogies the most 
deresting have brought the distant orbs of heaven 
do close relationship with our own earth or with the 
jntral luminary of the planetary scheme. And a 
■sson has been taught us which bears even more 
gnifieantly on our views respecting tlie existence of 
her worlds : we have learned to recognise within the 
dar system, aud within the wondrous galaxy of which 
:ir sun is a constituent orb, a variety of structure and 
complexity of detail, of which but a few years ago 
;tronomers had formed but the most inadequate 
inceptions. 

My object, then, in the pages which follow, is not 
>lely to establish the thesis that there are other worlds 
nan ours, but to present, in a new and, I hope, interesting 
ght the marvellous discoveries which have rewarded 
:cent scientific researches. Judged merely according 
> their direct significance, these discoveries are full of 
iterest. But it is when we consider them in their 
dation to the existence of other worlds, when we 
tempt to form a conception of the immense varieties 
' the forms of life corresponding to the innumerable 
irieties of cosmical structure disclosed by modern 
-.searches, that we recognise their full significance, 
lthough the growth of our knowledge is ever accom- 
mied by a proportional growth of our estimate of the 
nknown, we seem already entitled to say that we have 
Come on that which is, and caught 
The deep pulsations of the world, 



CHAPTER I. 


WHAT OUR EARTH TEACHES US. 

ire proceeding to consider the various eireum- 
;es under which the worlds or systems which 
>und us appear to subsist, it may be well to 
ire how far we have reason to conclude, from the 
deration of our own earth, that other orbs in 
i support life. 

t would not be just to argue directly from the fact 
the earth is inhabited to the conclusion that the’ 
■ planets are inhabited also, nor thence to the con- 
311 that other stars have, like our sun, their attend- 
worlds, peopled with various forms of life. An 
igy founded on a single instance has no logical 
. And it is doubtful whether we have not, in the 
1 , an instance which would as effectually serve to 
art a directly opposite conclusion. It seems all 
certain, as we shall presently have occasion to 
, that no part of the moon’s globe is inhabited by 
r creatures. Certainlv she is inhabited bv none 
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e of the two orbs respecting which we know most 
pears to be uninhabited, (here remains no probable 
piment in favour of the view that other orbs besides 
r earth arc the abode of living creatures. 

Yet the earth in reality supplies an argument of 
?at force, when we consider flu: evidence she pre- 
ifs in another light-. The mete fact that this world 
inhabited is, as we have seen, little; but we shall 
d that the way in which life is distributed over the 
rth's surface is full of significance. 

If we range over the earth, from the Arctic regions 
the torrid zone, we find that none of the peculiarities 
deli mark the several regions of our globe suffice to 
nish life from its surface. In.the bitter cold within 
-• Arctic Circles, with their strange alternations of long 
ninter days and loug winter nights, their frozen seas, 
rennial ice, and scanty vegetation, life flourishes in a 
ndred \ arious forms. On the other hand, the torrid 
ue, with its blazing heat, its long-continued droughts, 
strange absence of true seasonal changes, and its 
dug alternations of oppressive calms and fiercely 
jing hurricanes, nourishes even more numerous and 
jrc various forms of life than either of the great 
nperate zones. Around mountain summits as in the 
pih of the most secluded valleys, in mid-oeean as in 
e avid desert, in the air as beneath the surface of the 
rtli, we find a myriad forms of life. > 

But this is far from being all. Various as are the 
lysical habitudes which we encounter as we travel 
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existence of other varieties even more remarkable. 

"“The geologist has been able to.turn back a few leaves 
of the earth’s past history, and though the pages have 
been defaced and mutilated by Time’s unsparing hand, 
he is yet able to read in them of many stamge vicissi¬ 
tudes to which the continents and oceans of our globe 
have been exposed. But, far back as he can trace the 
earth’s history—and already he counts her age by mil¬ 
lions of years—he finds no evidence of an epoch whan 
life was absent from her surface. Nay, if he reads 
aright the mysterious lesson which the blurred letters 
teach him, he is led to believe that, at the most distant 
epoch to which his researches have extended, there 
was the same wonderful variety in the forms of life 
as at the present day. lie < ari, indeed, find the 
scattered remains of only a few of those old-world 
creatures ; but he recognises in those which have been 
preserved the clearest evidence that thousands of 
others must have existed around them. He knows 
that of a million creatures now existing scarcely one 
will leave to future ages any record of its existence; 
he sees whole races vanishing from the earth, leaving 
no trace behind them; and he is thus able to form an 
estimate of the enormous extent by which the creator'-' 
and races of which he can learn 'nothing mus‘ have out¬ 
numbered those whose scattered remains attest their 
former existence upon the earth. 

Here, then, we have analogies which there is no 
mistaking. We see that not only is Natuie careful 
to fill all available space with living forms, but that no 
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ic over which our researches extend has found her 
3 prodigal of life. Wc see that,, within very wide 
tils, she has a singular power of adapting living 
atures to the circumstances which surround them, 
r is this lesson affected —like the general lesson 
,wn from the mere fact of the earth’s beiug inhabited 
3v anything we can learn from the aspect of our 
shire. For the arguments against the presence of 
ng creal ures on the moon are founded on the evi- 
iee we have that the physical habitudes of that orb 
outside the limits within which Nature effects the 
ptation spoken of. 

The moon teaches us, however, that all the celestial 
ies are not at, all times habitable. The sun also 
dies the same lesson. And it is necessary that we 
ukl consider how far the evidence presented by our 

I earth may serve to elucidate this teaching. We 

II see that terrestrial analogies afford a very sure 
do iu the midst of many perplexities presented by 
study of the worlds around us. 

Let us trace out the various degrees of fitness or un- 
ess for the support of particular forms of life, which 
recognise in various regions of our earth. 

Often, where there exists so slight a difference be¬ 
en two regions of the earth that, to ordinary obser- 
ion, it would appear that the forms of life existing 
me should be well adapted to the other also, we yet 
l that this is not the case. Some minute peculiarity 
oil, or climate, or vegetation, will render one region 
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thrives in the ' other. Darwin mentions several in¬ 
stances in which an apparently insignificant change in 
the circumstances under which a particular race has 
thriven, and sometimes a change which does not, at 
first sight, appear to be in the least connected with the 
well-being of the race, has led to its gradual disappear¬ 
ance. And it seems demonstrated that even the slow 
processes of change to which every part of the earth is 
subjected would suffice to destroy a number of the 
races now subsisting on its surface, were the character¬ 
istics of those races unalterable. But as the physical 
habitudes of their abode slowly change, the various 
races of living creatures slowly change also, so as to 
adapt themselves continually to the varying circum¬ 
stances under which they live. 

The lesson taught us by this peculiarity is very 
obvious. On the one hand, we see that it would be by 
no means sufficient to indicate a general resemblance 
between the physical habitudes of our earth and those 
of some far distant planet, in order to prove that that 
planet is the abode of living creatures resembling those 
on our own earth. But, on the other hand, we are 
taught that the existence of differences sufficient to 
render a distant planet an unsuitable abode for such 
creatures as we are familiar with cannot force upon us 
the conclusion that the planet is uninhabited. On the 
contrary, the circumstance we have been considering 
teaches us that such differences as would suffice to 
banish life of certain kinds are insufficient to banish 
life of all kinds, or even to render less abundant the 
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ms of 1 iIV* which exist under tho«<- changed coridi- 
ns. 

And non we may proceed a step farther. On oar 
ill we find differences of climate and of physical 
■iiltides generally, which are much more important 
in those'hitherto dealt with. We see that not, only 
old certain races perish in the long run, if removed 
m their own abode to other parts of the earth, but 
d, in some instances, the process of destruction would 
very rapid indeed. If no were to remove the polar 
irs from their Arctic fastnesses to tropical, or even 
the warmer parts of temperate r< gions, a very few 
.rs would see the end of the whole, race. The races 
.abating steppes and prairies would quickly perish if 
:ioved to mountain regions. Those accustomed to a 
isture-laden air and .abundant vegetation would not 
vive long if removed to the desert. 

In some races, indeed, we find a power of enduring 
h changes which very far exceeds that possessed by 
er races. Those creatures, for example, which man 
s domesticated seem capable of enduring a variety 
climate or of circumstances, which would destroy 
; seemingly more vigorous races not yet subdued to 
! yoke of man. 1 

1 Humboldt ipIIs ns that ‘llio pliability of the organisation of 
>e animals which naan lias subjected to his sway enables horses, 
s, and other species of European origin to lead for a time an 
dubious life, surrounded by crocodiles, w’ater-serpents, and mana- 
i. When the rivers return again to their beds, the horses 
n in the savannah, which is then spread over with a fine 
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habitants of one country from visiting others, while 
t it was possible to learn something of the conditions 
availing in other regions, how readily the conclusion 
glit be reached that some at least of those inac- 
ssible regions must be wholly uninhabited, simply 
cause their physical habitudes appeared unsuited 
the wants of the only creatures with which the 
server was familiar. Who would believe, for ex- 
iple, that men can live, and not only live but thrive 
i multiply, in the frost-bound regions within the 
etie Circle, if travellers had not visited the Esquimaux 
:es, and witnessed the conditions under which they 
jsist ? Again, if we knew nothing of India, and 
ne one pictured to us the intense heat of the Indian 
i, the strange alternations of weather which replace 
the Indian the seasonal changes we are familiar 
:-h, and all the other circumstances which render 
pical regions so different from our English home, 
o could believe that, amidst those seemingly un- 
lurable vicissitudes, there are races of men that 
ive and multiply, even as our people in their tem- 
■ate zone? 1 

Therefore, in examining the circumstances of other 

1 Perhaps the most striking instance of man’s power of living 
er circumstances seemingly the most unfavourable is to be 
id in the fact that though the strongest traveller is affected 
ously by the rarity of the air at great elevations, yet races of 
i live and thrive in Potosi, Bogota, and Quito, and—to use the 
ds of a modern writer—that bull-fights should be possible at an 
'ation at which Saussure hardly had energy to consult his in- 
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worlds than ours, it will not be sufficient to prove that 
certain orbs would obviously not be habitable by the 
races subsisting on the earth, in order to enforce the 
conclusion that no living creatures subsist at all upon 
their surface. * 

Yet another step farther, however. There are regions 
of the earth where the members of races belonging 
to other regions quickly perish. The air of our own 
England is death to many creatures. And indeed, 
there is not a spot in the whole world which would not 
be fatal in a brief space to many animals and plants 
belonging to other regions. Yet each spot, though 
thus fatal to certain races, is inhabited by numbers of 
others which live and thrive upon its surface. 

Here, then, is our third lesson. We are taught by 
the analogy of our earth that it is not even sufficient, 
to show that a planet would be an abode quickly fatal 
to all the living creatures subsisting on our globe to 
prove that it is therefore uninhabited. 

But we have yet a stronger argument to touch on. 
There are regions of our earth to which creatures from 
other regions cannot be removed without, being imme¬ 
diately killed. The warm-blooded animal perishes if 
placed for a brief space under water. The fish perishes 
if placed for a brief space on the earth . 1 What could 
be more wonderful to us, were we not familiar with 
1 Perhaps the fact that there aie certain kinds of fh-h whioh 

or climb trees, affords an even more striking instance of .Nature's 
power of adapting creatures to the circumstances which surround 
them 
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fad, than that there arc living creaf urea within the 
ths of that ocean beneath whose .surface we cur¬ 
es, and the land creatures we are familiar with, 
not remain alive many minutes? If fishes could 
ion, how could they believe that creatures can live 
:omfort in that element which is death to them ? 

, land and river and sea are alike peopled with 
eg creatures, each race as well adapted as its 
me to the circumstances in which it is placed. 

We are taught, then, yet another lesson. We see 
j even though we could prove that every living 
iture on this earth would at once perish if removed 
mother orb, yet we cannot thence conclude that 
; orb is uninhabited. On the contrary, the lesson 
veyed by our earth’s analogy leads to the conclusion 
•, many worlds may exist, abundantly supplied with 
-jg creatures of many different species, where yet 
ry form of life upon our earth—bird, beast, or fish, 
die, insect, or animalcule—would perish in a few 
nents. 1 

There remains yet a last lesson to be drawn from 
estrial analogies. On the earth there are regions 

I might add to the instances here cited many others which 
1 even more striking. We know that in strong acids which 
Id instantly kill bird, beast, fish, or insect placed within them, 
e exist and thrive minute creatures, adapted by Nature to the 
ige conditions in which they are placed. Even in the bowels 
le earth and in the very neighbourhood of active volcanoes, we 
the Volcano-fish existing in such countless thousands that 
n they are from time to time vomited forth by the erupting 
ntain their bodies are strewn over enormous regions, and, as 
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where no form of life exists or can exist. Within the 
flaming crater of the volcano, or in the frozen heart of 
the iceberg, no living creature has its being. Yet even 
here Nature proves to us that the great end and aim of 
all her working is to afford scope and room for new 
forms of life, or to supply the wants of those which 
already exist. The volcano will die out, and the 
scene of its activity will one day become the abode of 
myriads of living creatures who would have perished 
in a moment in its consuming fires. The iceberg will 
melt, and its substance will once again he peopled with 
busy life. But this is little. It is the work of which 
volcano and iceberg are the signs, which most signifi¬ 
cantly teaches us what is Nature's real aim. The 
volcano is the index of those busy subteiranean forces 
which are remodelling the earth's irame, slowly chang¬ 
ing the level of the land, making continents ol oceans 
and oceans of continents, preserving and vivifying' all 
things, while all things seem to sutler a gradual 
destruction. The iceberg, too, has its work in re¬ 
modelling and fashioning the surface of new continents. 
It also acts an important part in the formation and 
maintenance of the system of oceanic circulation ou 
which the welfare of land creatures and water creatures 
so largely depends. And so of a multitude ol other 
phenomena, which appear at first sight significant rather 
of the destructive than of the life-preserving charac'er 
of Nature. The tornado and the thunder-storm, the 
earthquake and the volcano—nay, even the dreaded 
returns of plague and pestilence, have each a mure 
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werful influence by far towards the preservat ion than 
ey have towards the destruction of life. 

We see, then, that even if we could prove that an 
3 in space is so circumstanced that no life could by 
y possibility exist upon its surface; if it were the 
me of a, fierce and destructive turmoil, one moment 
which would suffice to destroy every living creature 
w existing upon the earth; if its whole mass were 
ated to a degree a thousandfold more intense than 
at of the fiercest heat we know of; if its surface were 
und in a cold compared with which our Arctic frosts 
iuld seem like tropical heat; or even if the most rapid 
ernation of these extremes took place upon and 
thin it—even then we could not conclude that it has 
t been in long-past ages, or will not be in ages yet 
come, the abode of life. 

Lastly, even when we can safely assert of any 
Lestial object that neither now, nor at any past or 
ture time, could it serve as the abode of living 
matures, we are led by terrestrial analogies to the 
nclusion that it yet supports life in other ways. 
> that, these very orbs, of which it seems safest to 
sert that they are, have ever been, and must ever 
main uninhabited, speak to us, no less strongly than 
ose which appear best suited for habitation, of the 
istence of other worlds than ours. 
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WHAT HE LEARN FROM THE SON. 

not propose to dwell in this chapter on the views 
i have been, propounded respecting the sun’s 
Ability. It is not merely that I regard those 
as too fanciful to find place in a serious eon- 
ition of the subject I am dealing with, nor that 
regress of recent' observation has rendered them 
ly untenable, but that, in fact, they do not be- 
to what the sun teaches us. I wish to consider 
the real evidence which the sun affords respecting _ 
scheme of creation, to dwell upon the purposes 
r he subserves in the'eeonomy of the solar system, 
hence to deduce a lesson respecting those other 
scattered through space which we call the fixed 

et us first endeavour to form adequate conceptions 
cting the dimensions of the great central luminary 
3 solar system. 

,et the reader consider a terrestrial globe three 
s in diameter, and search out on-that globe the 
triangular sneck which represents Great Britain. 
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lives as represented by the minutest, pin-mark that 
dd possibly be made upon this speck. He will then 
re funned some concept ion, though but an inadequate 
\ of the enormous dimensions of the earth’s globe, 
npared with the scene in which his daily life is cast, 
w, on the same scale, the sun would be represented 
a globe about twice the height of an ordinary 
Ling-room. A room about twenty-six feet in length, 
1 height, and breadth, would be required to contain 
? representation of the sun’s glohe on this scale, 
ile the globe representing the earth could be placed 
a moderately large goblet. 

Such is the body which sways the motions of the 
ar system. The largest of his family, the giant 
piter, though of dimensions which dwarf those of the 
th or Venus almost to nothingness, would yet only 
represented by a thirty-two inch globe, on the scale 
icli gives to the sun the enormous, volume I have 
)ken of. Saturn would have a diameter of about 
?nty-eight inches, his ring measuring about five feet 
its extreme span. Uranus and Neptune would be 
:le more than a foot in diameter, and all the minor 
nets would be less than the three inch earth. It 
1 thus be seen that the sun is a worthy centre of the 
;at scheme he sways, even when we merely regard 
: dimensions. 

The sun outweighs fully 730 times the combined 
i.ss of all the planets which circle around him, so 
it when we regard the enemv of his attraction, we 
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But, after all, the enormous volume and mass of the 
sun form the least important of his characteristics as 
the ruling body of the solar system. It is when we 
contemplate him as the source whence the supplies of 
heat and light required by our own world and the 
other plqnets are plentifully bestowed that we see 
what is his chief office in the economy of the planetary 
scheme. 

Properly speaking, the physical constitution of the 
sun only requires to be dealt with in such a work as 
the present, in so far as it is directly associated with 
the sun’s action upon the worlds around him, or as it 
may bear on the question of the constitution of those 
worlds. But the subject is so interesting, and it would 
indeed be so difficult’ to draw a line of demarcation 
between the facts which bear upon the question of other 
worlds and those which do not, that I may be permitted 
to enter at some length into a consideration of the solar 
orb, as modern physical discoveries present it to our 
contemplation. 

The study of solar physics may be said to have 
commenced with the discovery of the sun-spots, about 
267 years ago. These spots were presently found to 
traverse the solar disc in such a way as to indicate that 
the sun turns upon an axis once in about twenty-six 
days. Nor will this rotation appear slow when we 
remember that it implies a motion of the equatorial 
parts of the sun’s surface at a rate exceeding some 
seventy times the motion of our swiftest express 
trains. 
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Next camp tlx- discovery that the solar spots ate not 
face stains, hut doe]) cavities in the solar substance. 
■ changes of appearance presented by the spots as 
y traverse the solar disc, led Dr. Wilson to form this 
ory so far back as 1779 ; but, strangely enough, itis 
y in comparatively recent times that the hypothesis 
been finally established. For even within the last 
years a theory was put forward which accounted 
sfactorily for most of the changes of appearance 
erved in the spots, by supposing them to be due to 
,r clouds hanging suspended at a considerable eleva- 
1 above the true photosphere. 

Sir William Hersehel, reasoning from terrestrial 
logies, was led to look on the spot cavities as 
rtures through a double layer of clouds. He argued 
b were the solar photosphere of any other nature, it 
ild be past comprehension that vast opeuings should 
u in it, to remain open for months before they close 
again. Whether we consider the enormous rapidity 
a which the spots form and with which their figure 
nges, or the length of time that many of them remain 
ble, we find ourselves alike perplexed, unless we 
ime that the solar photosphere resembles a bed of 
ids. Through a stratum of terrestrial clouds open- 
5 may be formed by atmospheric disturbances, but 
le undisturbed the clouds will retain any form once 
iressed upon them for a length of time eorrespond- 
to the weeks and months during which the solar 
ts endure. 
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causPB resembling those which generate the fcer- 
rial cyclone operate upon those regions of the sun 
■re the solar spots make their appearance. 

We know that the cyclone is due to the excess of 
b at the earth’s equator. It is true that this ex- 
of heat is always in operation, whereas cyclones 
not perpetually raging in sub-tropical climates, 
iuarily, therefore, the excess of heat does not cause 
indues. Certain aerial currents are generated, whose 
'orm motion suffices, as a rule, to adjust the condi- 
s which the excess of heat at the equator would 
invise tend to disturb. But when through any 
;e the uniform action of the aerial currents is either 
rfered with, or is insufficient to maintain equili- 
m, then cyclonic or whirling motions are generated 
,he disturbed atmosphere, and propagated over a 
s area of the earth’s surface. 

Now we recognise the reason of the excess of heat 
he earth’s equator, in the fact that the sun shines 
e directly upon that part of the earth than on the 
js which lie in higher latitudes. Can we find any 
ion for suspecting that the sun, which is not heated 
n without as the earth is, should exhibit a similar 
uliarity? Sir John Herschel considered that we 
If the sun has an atmosphere extending to 
lonsiderable distance from his surface, then there 
be little doubt that, owing to his rotation upon 
axis, this atmosphere would assume the figure 
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would be retained than at the poles, where the atmo¬ 
sphere is shallowest. Thus that excess of heat at the 
solar equator which is necessary to complete the ana¬ 
logy between the sun-spots and terrestrial cyclones 
seems satisfactorily established. 

It must be remarked, however, that this reasoning, 
so far as the excess of heat at the sun’s equator is con¬ 
cerned, only removes the difficulty a step. If there 
were indeed an increased depth of atmosphere over the 
sun’s equator sufficient to retain the requisite excess of 
heat, then the amount of heat we receive from the 
sun’s equatorial regions ought to be appreciably less 
than the amount emitted from the remaining portions 
of the solar surface. This is not found to be the case, 
so that, either there is no such excess of absorption, or 
else the solar equator gives out more heat, in other 
words, is essentially hotter, than the rest of the sun. 
But this is just the peculiarity of which we want the 
interpretation. 

It may be taken for granted, however, that there 
\( is an analogy between the sun-spots and terrestrial 
cyclonic storms, though as yet we are not very well 
able to understand its nature. 

^ We - come next to one of the most interesting 
> discoveries ever made respecting the sun—the discovery 
that the spots increase and diminish in frequency in 
a periodic manner. We owe this discovery to the 
laborious and systematic observations made by Herr 
Schwabe, of Dessau. In these pages any account of 
„his work would be out of place. We need only dwell 
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<ni <1)0 result, and upon other discoveries which 
ve been made by observers who have taken up the 
me work. 

Sehwabe found that in the course of about eleven 
ars the solar spots pass through a complete cycle 
change's. They become gradually more and more 
merouK up to a certain maximum, and then as 
aduully diminish. At length the sun’s face becomes 
t only clear of spots, but a certain well-marked 
rkening around the border of his disc disappears 
together for a brief season. At this time the sun 
esent s a perfectly uniform disc. Then gradually the 
ots return, become more and more numerous, and so 
e cycle of changes is run through again. 

The astronomers who have watched the sun from 
e Kew observatory have found that the process of 
ange by which the spots sweep in a sort of 8 wave 
increase ’ over the solar disc is marked by several 
inor variations. As the surface of a great gea-wave 
ill be traversed by small ripples, gp the gradual in¬ 
ease and diminution in the number of the solar spots 
characterised by minor gradations of change, which 
e sufficiently well marked to be distinctly cognisable. 

There seems every reason for believing thaff the 
-riodic changes thus noticed are due to the influence 
the planets upon the solar photosphere, thpugh in 
bat way that influence is exerted is not at present 
jrfectly clear. Some have thought that^the mere 
traction of the planets tends to produce tides of 
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height of a tide so produced varies as the cube or 
third power of the distance, it has been thought that 
a planet when in perihelion would geuerate a much 
larger solar tide than when in aphelion. So that, as 
Jupiter has a period nearly equal to the sun-spot 
period, it has been supposed that the attractions of this 
planet are sufficient to account for the great spot- 
period. Venus, Mercury, the Earth, and Saturn have, 
in a similar manner, been rendered accountable for the 
shorter and less distinctly marked periods. 

Without denying that the planets may be, and 
probably are, the bodies to whose influence the solar- 
spot. periods are to be ascribed, I yet venture to express 
very strong doubts ■whether the action of Jupiter is 
so much greater in perihelion than in aphelion as to 
account for the fact that, whereas at one season the 
face of the sun shows many spots, at another it. is 
wholly free from them. 

However, we are not at present concerned so much 
with the explanation of facts as with the facts them¬ 
selves. We have to consider rather what the sun is, 
and what he does for the solar system, than why these 
things* are so. 

I J( & us note, before, passing to other circumstances 
of ipferest connected with the sun, that the variable 
condition of his photosphere must cause him to change 
in brilliancy as seen from vast distances. If H*-ir 
Schwabe, fqp instance, instead of observing the sun's 
spots from his watch tower at Dessau, could have re¬ 
moved, himself to a distance so enormous that the sun's 





ful telescope, to a more point of light, there can be no 
doubt that the only effect which he would have been 
ahle to perceive would have been a gradual increase 
and diminution of brightness, having a period of about 
eleven years. 

Our sun, therefore, if viewed from the neighbour¬ 
hood of any of the stnrg, whence undoubtedly he would 
simply appear as one among many fixed stars, would 
he a * variable,' having a period of about eleven years, 
and a very limited range of variation. Further, if 
an observer, viewing the sun from so enormous a dis¬ 
tance, had the incans of very accurately measuring its 
light, he would undoubtedly discover that while the 
chief variation of the eun takes place in a period of 
about eleven years, its light is subjected to minor varia¬ 
tions, having shorter periods. 

The discovery that the periodic changes of the sun’s 
appearance, are associated with the periodic changes in 
the character of the earth’s magnetism is the next that 

It hod long been noticed that during the course of 
a single day the magnetic needle exhibits a minute 
change of direction, hiking place in an oscillatory 
manner. And when the character of this vibration 
name to be carefully examined, it was found to corre¬ 
spond to a sort of effort on the needle’s part, to turn 
towards the sun. For example, when the sun is on 
the magnetic meridian, the needle has its mean posi- 
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sun is above the horizon, and once when he is below it. 
Again, when the sun is midway between these two 
positions—which also happens twice in the day—the 
needle has its mean position, because the northern and 
the southern ends make equal efforts, so to speak, to 
direct themselves towards the sun. Four times in the 
day, then, the needle has its mean position, or is directed 
towards the magnetic meridian. But when the sun is 
not in one of the four positions considered, that end ot 
the needle which is nearest to him is slightly turned 
away from its mean position, towards him. The change 
of position is very minute, and only the exact methods 
of observation made use of in the present age would 
have sufficed to reveal it. There it is, however, and 
this minute and seemingly unimportant peculiarity has 
been found to be full of meaning. 

Had science merely measured this minute variation, 
the work would have given striking evidence of the 
exact spirit in which men of our day deal with natural 
phenomena. But science was to do much more. The 
variations of this minute variation were to be inquired 
into; their period was to be searched for ; the laws by 
which they were regulated, and by which their period 
might perhaps itself be rendered variable, were to be 
examined ; and finally their relation to other natural 
laws was to be sought after. That science should set 
herself to an inquiry so delicate and so difficult, in a 
spirit so exacting, was nothing unusual. It is thus that 
all the great discoveries of our age have been effected. 
But it is well that the reader should recognise the 
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i ,'ul scrutiny to whi<ii natural phenomena have 
II subjected before the great, laws we have to con- 
*r were made, known. Tt is thought by many, who 
c not been at the pains to examine what science is 
liy doing in our day, that the wonders she presents 
men’s contemplation, the startling revelations which 
being made from day to day, are merely dreams 
l fancies, which replace indeed the dreams and 
eies of old times, but have no worthier claims on 
belief. Those who carefully examine the history of 
nee will be forced to adopt a very different opinion. 
The minute vibrations of the magnetic needle, thus 
sfully watched—day after day, month after month, 
r after year—were found to exhibit a yet more 
lute oscillatory change. They waxed and waned 
liin narrow limits of variation, but yet in a manner 
re was no mistaking. The period of this oscillatory 
nge was not to be determined, however, by the ob- 
rations of a few years. 1 Between the time when 
diurnal vibration was least until it had reached its 
atest extent, and thence returned to its first value, 
less than eleven years elapsed, and a much longer 
e passed before the periodic character of the change 
i satisfactorily determined. 

The reader must not understand that the account here given 
ents in any sense even a general view of the labours of those 
have studied the earth’s magnetism. I touch only on those 
its by which the association between tbe earth’s magnetism and 
physical condition of the sun are most clearly indicated ; be- 


WHAT WE LEARN FROM THE SUN. 29 

The reader will at once see what these observations 
tend to. The sun-spots vary in frequency within a 
period of eleven years, and the magnetic diurnal ob¬ 
servations vary within a period of the same dura¬ 
tion. It might seem fanciful to associate the two 
periodic series of changes together, and doubtless when 
the idea first occurred to Sabine, it was not with any 
great expectation of finding it confirmed, that he ex¬ 
amined the evidence bearing on the point. Judging 
from known facts, we may see reasons for such an 
expectation in the correspondence of the needle’s 
diurnal vibration, with the sun's apparent motion, 
and also in the law which associates the annual 
variations of the magnet’s power with the sun’s dis¬ 
tance. But undoubtedly when the idea occurred to 
Sabine, it was an exceedingly bold one, and the 
ridicule with which the first announcement of the sup¬ 
posed law was received, even in scientific circles, suf¬ 
fices to show how unexpected that relation was which 
is now so thoroughly established. For a careful com¬ 
parison between the two periods has demonstrated that 
they agree most perfectly, not merely in length, but 
maximum for maximum, and minimum for minimum. 
When the sun-spots are most numerous, then the daily 
vibration of the magnet is most extensive; while when 
the sun’s face is clear of spots, the needle vibrates 
over its smallest diurnal arc. 

Then the intensity of the magnetic action has been 
found to depend upon solar influences. The vibra¬ 
tions by which the needle indicates the progress of 
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si' strange disturbances of the terrestrial magnetism 
eh are known as magnetic storms, have been found 
merely to be most frequent when the sun’s face 
nost spotted, but to occur simultaneously with the 
learance of signs of disturbance in the solar photo- 
ere. For instance, during the autumn of 1859 
eminent solar observer, Farrington, noticed the 
larition of a bright spot upon the sun’s surface. 
3 light of this spot was so intense that he imagined 
screen which shaded the plate employed to receive 
solar image, had been broken. By a fortunate 
icidence another observer, Mr. Hodgson, hap- 
ecl to be watching the sun at the same instant, 

! witnessed the same remarkable appearance. Now 
vas found that the self-registering magnetic instru- 
nts of the Kew observatory had been sharply dis¬ 
hed at the instant when the bright spot was seen. 
1 afterwards it was learned that the phenomena 
'eh indicate the progress of a magnetic storm had 
n observed in many places. Telegraphic commu- 
ation was interrupted, and at a station in Norway 
telegraphic apparatus was set on fire; auroras 
>eared both in the northern and southern hemi- 
Lcres during the night which followed; and the 
ale frame of the earth seemed to thrill responsively 
the disturbance which had affected the great central 
rinary of the solar system. 

The reader will now see why I have discussed 
itions which hitherto he may perhaps have thought 
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! is a bond of sympathy between our earth and the 
that no disturbance can affect the solar photo- 
re without affecting our earth to a greater or less 
ee. But if our earth, then also the other planets, 
sury and Venus, so much nearer the sun than we 
surely respond even more swiftly and more dis- 
ly to the solar magnetic influences. But beyond 
jarth, and beyond the orbit of moonless i\Iars, the 
aetic impulses speed with the velocity of light, 
vast globe of Jupiter is thrilled from pole to pole 
re magnetic wave rolls in upon it; then Saturn 
the shock, and then the vast distances beyond 
h lie Uranus and Neptune are swept by the ever- 
ning yet ever-widening disturbance-wave. Who 
. say what outer planets it then seeks? or who, 
ing back upon the course over which it ha< < ra¬ 
id, shall say that, planets alone have felt its effect s ? 
joric and cometic systems have been visited by the 
t magnetic wave, and upon the dispersed members 
ae one and the subtle structure of the other enects 
t more important may have been produced than 
e striking phenomena which characterise the pro- 
b of terrestrial or planetary magnetic storms. 

When we remember that what is true of a re 1a- 
iy great solar disturbance, such as the one wir¬ 
ed by Messrs. Carrington ami Hodgson, is true 
(however different in degree) of the magnetic in- 
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only sways them by the vast attraction of bis 
,vity,not only illumines them, not only warms them, 
lie pours forth on all hh subtle yet powerful mag- 
c influences. A new analogy between the members 
the solar system is thus introduced. 

And now we pass on to other discoveries, bearing 
once, and with equal force upon the relations be- 


various 


lumbers of the solar system and 


m the position which that system occupies in the 


Hitherto we have been considering the teachings of 
telescope; we have now to consider what we have 
rued by means of an instrument of yet higher 
?ers. As I shall have to refer very frequently, 
'nighout this volume, to the teachings of the spec- 
scope, it will be well that I should briefly describe 
at it is that, this instrument really effects. Were I 
iply to state the results of its use, without describing 
real character, many of my readers would be dis- 
;d to believe that astronomers are as credulous as 
reality they are exacting and scrupulous, where new 
s and observations are in question. 

The real end and aim of the telescope, as applied 
the astronomer to the examination of the celestial 
ects, is to gather together the light which streams 
m each luminous point throughout space. We may 
ard the space which surrounds us on every side as 
ocean without bounds or limits, an ocean across 
ich there are ever sweeping waves of light either 
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rhout space, or else reflected from their surfaces, 
forms of wave also speed across those limitless 
s in all directions ; but the light-waves are those 
at present concern us. Our earth is as a minute 
placed within the ocean of space, and to the 
i of this tiny isle the light-waves bear their mes- 
rom the orbs which lie like other isles amid the 
nless depths around us. With the telescope the 
omer gathers together portions of light-waves 
else would have travelled in diverging directions, 
us intensifying their action, he enables the eye 
nme cognisant of their true nature. Precisely as 
irrow channels around our shores cause the tidal 
which sweeps across the open ocean in almost 
lible undulations, to rise and fail through a wide 
of variation, so the telescope renders sensible 
ristence of light-waves which would escape the 
: of the unaided eye. 

re telescope, then, is essentially a light-gatherer. 
le spectroscope is used for another purpose. It 
, be called the lig]d-sifter. It is applied by the 
iomer to analyse the light winch comes to him 
beyond the ocean of space, and so to enable him 
,rn the character of the orbs from winch that 
proceeds. 

re principle of the instrument is simple, though 
ppliances by which its full powers can alone be 
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different portions of the ray are differently bent, so 
hat, when they emerge from the prism they no longer 
ravel side by side as before. The violet part of the 
ight is bent most, the red least; the various colours 
tom violet through blue, green, and yellow, to red, 
icing bent gradually less and less. 

The prism then sorts, or sifts, the light-waves. 

But we want the means of sifting the light-waves 
lore thoroughly. The reader must bear with me 
dole I describe, as exactly as possible in the brief 
pace available to me, the way in which the first rough 
ork of the prism has been modified into the delicate 
ad significant work of the spectroscope. It is well 
orth while to form clear views on this point, because 
r many of the wonders of modern science are asso¬ 
rted with spectroscopic analysis. 

If, through a small round hole in a shutter, light 
s admitted into a darkened room, and a prism be 
laced with its refracting angle downwards and hori- 
rntal, a vertical spectrum, having its violet end upper- 
rnst, will be formed on a screen suitably placed to 
iceive it. 

But now let us consider what this spectrum really 
i. If we take the light-waves corresponding to any 
articular colour, we know from optical considerations 
hat these waves emerge from the prism in a pencil 
xactly resembling in shape the pencil of white light 
rhich falls on the prism. They therefore form a small 
ircular or oval image on their own proper part of the 
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.titude of overlapping images, varying in colour 
violet to red. It thus appears as a rainbow- 
1 streak, presenting every gradation of colour 
sen the utmost limits of visibility at the violet 
ed extremities. 

' we had a square aperture to admit the light, we 
d get a similar result. If the aperture were 
g, there would still be overlapping images ; but if 
sngth of the oblong were horizontal, then, since 
image would also be a horizontally-placed oblong, 
verlapping would be less than when the images 
square. Suppose we diminish the overlapping as 
. as'possible; in other words, suppose we make 
blong slit as narrow as possible. Then, unless 
were in reality an infinite number of images dis- 
ted all along the spectrum from top to bottom, the 
3S might be so narrowed as not to overlap; in 
l ease, of course, there would be horizontal dark 
s or gaps in our spectrum. Or again, if we 
: in finding gaps of this sort by simply narrowing 
perture, we might lengthen the spectrum by in- 
ing the refracting angle of the prism, or by using 
al prisms, and so on. 

he first great discovery in solar physics, by means 
i analysis of the prism (though the discovery Lad 
meaning at the time), consisted in the recogni- 
>f the fact that by means of such devices as the 
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jectof this treatise. It would be indeed interesting 
to consider the actual condition of the central orb ol 
the planetary scheme, to picture in imagination the 
metallic oceans which exist upon his surface, the con¬ 
tinual evaporation from those oceans, the formation of 
metallic clouds, and the downpour of metallic showers 
upon the surface of the sun. But apart from such 
considerations, and viewing KirehhofFs discoveries 
simply in their relation to the subject of other worlds, 
we have enough to occupy our attention. 

If it could have been shown that, in all proba¬ 
bility, the substance of the sun consists of materials 
wholly different from those which exist in this earth, 
the conclusion obviously to be drawn from such a 
discovery would be that the other planets also are 
differently constituted. We could not find any just 
reason for believing that in Jupiter or Mars there 
exist the elements with which we are acquainted, when 
we found that even the central orb of the planetary 
system exhibits no such feature of resemblance to the 
earth. But now that we know quite certainly that the 
familiar elements iron, sodium, and calcium exist in 
the sun’s substance, while we are led to believe, with 
almost perfect assurance, that all the elements we are 
acquainted with also exist there, we see at once that 
in all probability the other planets are constituted 
in the same way. There may of course be special 
differences. In one planet the proportionate distri¬ 
bution of the elements may differ, and even differ very 




are formed of the elements -which have so long been 
known as terrestrial; for wc canuot recognise any 
reason for believing that our earth alone, of all the 
orbs which circle around the sun. resembles that great ‘ 
central orb in general constitution . 1 

Now, we have in this general law a means of passing 
beyond the bounds of the solar system, and forming no 
indistinct conceptions as to the exigence and character 
of worlds circling around other suns. For it will be 
. seen in the chapter on the stars that these orhs, like 
our sun, contain in their substance many of the so-called 
terrestrial elements, while, it may not unsafely be as¬ 
serted that all or nearly all those elements’, and few 

of every single star that shines upon us from the 
celestial concave. Hence we conclude that around 
those suns also there circle orbs constituted like them¬ 
selves, and therefore containing the elements with 
which we are familiar. And the mind is immediately 

intended to subserve. If iron, for example, is present 
in some noble orb circling around Sirius, we speculate 

—either now, or in t.he, past, or at some future time— 
of being capable of applying that metal to the useful 
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fion suggests immediately the existence of arts and 
ieneos, trades and manufactures, on that distant 
>rld. Wo know how intimately the use of iron has 
on associated with the progress of human civilisa- 
>n, and though we must ever remain in ignorance 
the actual condition of intelligent beings in other 
irlds, we are yet led, by the mere presence of an 
:inent which is so closely related to the wants 
man, to believe, with a new confidence, that for 
ch beings those worlds must in truth have been 
ihioned. 

1 would fain dwell longer on the thoughts suggested 
the researches of Kirehhoff. Gladly, too, would I 
ter at length on an account of those interesting dis- 
verios which have been made in connection with 
?ent total eclipses of the sun. The requirements 
space, however, and some doubt as to the direct 
aring of the last-named discoveries on the subject I 
ve in hand, warn me to forbear. One point, bow¬ 
er, remains, which is too intimately connected with 
s subject to be passed over. 

I refer lo the sun's corona. 

It has been proved that the solar prominences con- 
t of glow ing vapours, hydrogen being their chief 
rstituent. It has been found also, by comparing 
servations of the prominence-spectra with elaborate 
searches into the peculiarities presented by the spec- 
1 m of hydrogen at different pressures, that even in 
b very neighbourhood of the solar photosphere these 
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nit evidence bears on the interesting problem which 
If corona present B to our collsidemt iou. 

During the total eclipse of August 1861# the Ame- 
eim observers found (lint, the sped rum of the corona 
; continuous, but. crossed by certain bright lines. If 
e accept, the absence of dark lines as established by 
ic evidence (which is doubt fill), this result seems at 
rst, sight very difficult to explain. Referring to the 
rinciples of spectroscopic analysis stated at pp. 38, 39, 
will be seen that we should be led to infer that the 
irona consists of incandescent matter surrounded by 
irtain glowing gases. It is difficult to suppose that 
lis is the real explanation of the phenomenon. 

Now, remembering that we have two established 
ets for our guidance—(i) the fact that the outer 
•rona cannot be a solar atmosphere, and (ii) the fact 
lat it must be a solar appendage—-I think a way may 
e found towards a satisfactory explanation. 

Let it be premised that the bright lines of the 
uonal spectrum correspond in position, though not in 
rightness, to those seen in the spectrum of the aurora, 
id that the same lines are seen in the spectrum of the 
xliacal light, and in that of the phosphorescent light 
licasionaliy seen over the heavens at night. 

Since we have every reason to believe that the light 
f the aurora is due to electrical discharges taking 
lace in the upper regions of the air, we are invited to 
ae belief that the coronal light may be due to similar 
ischarges taking place between the particles (of what- 
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What. tli(' pnliiri-icopc lias told Us respecting the 
■oiia B in accordance with this view. 

In tin 1 same way the qualify of the zodiacal light 
mils of being perfectly accounted for, without re- 
■ting to flic hypothesis that this phenomenon is a 
rest rial one. 

The explanation thus put, forward has at least the 
/outage of being founded on well-established rela- 
ns. We know that the auroral light is associated 
,h the earth’s magnetism, and that meteoric bodies 
■. continually falling upon the eaitil’s atmosphere, 
e know also that the sun exerts magnetic influences 
;housand-fold more intense than those of the earth, 
.1 that in his neighbourhood there must be many 
llion times more meteoric systems. 

But we have other and independent reasons, which 
ist not be overlooked, for considering the corona to 
of some such nature as I have suggested. 

Leverrier has shown that there probably exists in 
? neighbourhood of the sun a family of bodies whose 
ited mass suffices appreciably to atfect the motions 
the planet Mercury. It would not be safe to neglect 
isiderations thus vouched for. 

Now, whatever opinion we form as to the exact 
iracter of the system of bodies pointed to by 
verrier’s researches — whether we suppose that 
item to form a zone around the "sun, or that (as I 
lieve) the system is merely due to the aggregation 

uipf^nriV. in flna enn’e nAicrhl'irmrl'inr^_nra 
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5 quite certain that during a total solar eclipse 
stem would become visible, 
the eclipse of December 1871 striking evi- 
was obtained respecting the corona. For Janssen 
le to perceive the solar dark lines in the spec¬ 
if the corona—proof unmistakable that a portion 
coronal light is reflected sunlight. It had been 
3ulty in the meteoric theory that these solar 
lad not been detected in the faint continuous 
im of the corona. The meteoric theory, that is, 
sory that a portion of the coronal light is due to 
eflecting meteors round the sun, accorded with 
; known phenomena of the corona except tins 
peculiarity, that (as was supposed) the spectrum 
1 no dark lines. Now that the dark lines have 
seen, all doubt seems finally removed. As 
n said in the letter containing the discovery, ‘the 
oheric theory is disposed of (tranches), and we 
•ecognise in the corona a circumsolar phenomenon 
aing effects of radiation,absorption, and reflection 
it,’ which it must be the business of future eclipse 
ers to analyse in detail. 

iring the eclipse of July 1878 the corona wa- 
to extend to at least seven or eight millions of 
from the body of the sun. 

will be seen, in the chapter on ‘ Meteors and 
s,’ how important a bearing the meteor theory 
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irtly for tin's reason that I Lave here briefly considered 
ip mailer; but there is another and a most important 
hit ion in winch these views must be regarded. 

We know that, the sun is the sole source whence 
aht and heat are plentifully supplied to the worlds 
hich circle around him. The question immediately 
iggests itself—Whence does the sun derive those 
nazing stores of force, from whence he is continually 
ipplying his dependent worlds? We know that, 
"re the sun a mass of burning matter, he would be 
>nsinned in a few thousand years. We know that, 
■■re he simply a heated body, radiating light and heat 
mtinually into space, he would in like manner have 
dnuisted all his energies in a few thousand years— 
mere day in the history of his system. Whence, 
ien, comes the enormous supply of force which he 
is afforded for millions on millions of years, and which 
; will doubtless continue to afford for at least as long a 
me as the worlds which circle around him have need of 
—in other words, for countless ages yet to come? 

Now there are two ways in which the solar ener- 
es might be mantained. The mere contraction of 
ie solar substance, Helmholtz tells us, would suffice 
i supply such enormous quantities of heat, that if the 
:-at actually given out by the sun were due to this 
mse alone, there would not, in many thousands of 
iars, be any perceptible diminution of the sun’s 
ameter. Secondly, the continual downfall of me- 
lors upon the sun would cause an emission of heat. 
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ampass directs the traveller over desert wastes 
iless oceans; in their skies, the aurora display: 
liant streamers; while, amid the constellation 
ieck their heavens, meteors sweep suddenly int 
nd comets extend their vast length athwart th 
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id tlif' c\bt mice of a to!silly distinct, flora suggests 
.me,' flic belief tlint animal life on .Mercury must be 
ry different from what we see around us. 

Let us, however, pioeeed a few steps farther. 

It has been found that Mercury rotates upon his 
is, and if we may put faith in the observations of 
hrbter, tire Mercurial day is only a few minutes 
lger than our own. But though the fact of the 
met’s rotation has been observed, it has not been 
md possible to determine in what position the axis 
rotation lies. It has been said that the planet's 
uator is much more inclined than the earth’s to the 
me in which the planet, travels ; but little reliance 
r be placed on the evidence which has been adduced 
favour of this view. 

We are thus left -altogether in doubt as tq the 
Lire of the Mercurial seasons. That the planet has 
isons of some sort we are certain, because even if 
r axis were so placed that perpetual spring reigned 
on the planet—I mean, that the days and nights 
re at all times and in all places equal—yet his 
ying distance from the sun would give Ganges of 
nperature quite as marked as those which charac- 
isc our seasons in England, and very much more 
rked than those known in tropical regions. Of 
irse, if this is the actual arrangement, there are dif- 
ent climates in different parts of the planet. Near 
poles the sun, though visible for half the Mercurial 
Y, attains yet but a low elevation above the horizon; 
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inclined to the plane in which Mercury travels, it 
cannot ho doubted that no form of life known upon 
earth can possibly exist upon Mercury, without some 
special arrangements for tempering the seasonal 
changes. This will appear when we come to deal 
with the effect of the great inclination which some 
astronomers have ascribed to the equator of Venus; 
and therefore we need not consider the relation with 
regard to Mercury, respecting whose axial inclination 
no trustworthy information has hitherto been obtained. 

It remains for us to consider what sort of provision 
may have been made to temper the great heat poured 

The climate of a planet, considered generally, is 
largely influenced by the nature of the planet's atmo¬ 
sphere. We have very clear evidence on this point, 
in the effects which wc notice on our own earth. If 
we ascend to the summit of a lofty mountain, we find 
the air much colder than at its base. In India, though 
the full beat of a tropical sun is poured day after day 
upon the snowy summits of the Himalayas, yet the 

weather experienced by \\s in England. Not that the 
solar rays have no power. The heat is, in reality, 
even greater than on the plains, because it has not 
been intercepted by vapour-laden air. But the air 
itself is not heated. Owing to its extreme rarity and 
dryness, it neither impedes the passage of the sun’s 
heat to the earth, nor prevents the return of that heat 
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tinents and oceans. In fact, the most brilliant light 
we could receive from a globe of a given size, placed 
at a given distance from the sun, would be that which 
would be reflected were such a globe covered with 
0 clouds. Now there can be no doubt whatever that 
Mercury does not reflect the same proportion of light 
from his surface that some of the planets do. He 
would be, when favourably situated, the brightest of all 
the planets, were this so; 1 2 though, seen as he always 
is, on the bright background of a full twilight sky, 
he would not make so striking an appearance as 
Jupiter does when in opposition. This, however, is 
not the case. I remember being much struck by the 
. superior light of Jupiter, on the afternoon of February 
23, 1868, when the two planets were very close to¬ 
gether, Mercury being nearly at his brightest, whereas 
Jupiter, then near conjunction, was considerably less 

1 Placing Mercury in perihelion and at his elongation, we get a 
half disc, the planet about 90,000,000 miles from us, and about 
30,000,000 from the sun, his diameter about 3,000 miles. Now, if 
we wish to compare the light he then sends us with that of Jupiter 
at his brightest, on the assumption of equal reflective powers, we 
must take Jupiter at a distance of about 360,000,000 miles from us, 
and about 460,000,000 miles from the sun, showing a full disc, his 
diameter about 90,000 miles (I put all the numbers round , for con¬ 
venience of calculation). We find, then, that the ratio of Mercury’s 
light to Jupiter’s is 

1 (3,0001* (90,000)* 

2 (90,000,000)* x (30,000,000)* : (360,000,000)* x (460,000,000j* 

or, £ (4)* (15)* : (30)*, or exactly 2 to 1. 

The observation above cited is sufficient to prove that a very dif¬ 
ferent state of things actually prevails; in other words, that the 
reflective powers of the two planets are very different: unless, in¬ 
deed, Jupiter shines in part by inherent light. 
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if. of lead; but from the perturbations of Encke’s 
net in Mercury’s neighbourhood, astronomers have 
in led to the conclusion that the density of the 
.net is not more than one-sixth greater than our 
th’s. It follows that as his diameter is little more 
in 3,000 miles, our earth is about fifteen times as 
ivy as 'Mercury. Gravity at his surface is such 
it a pound weight of ours would weigh rather less 
m seven ounces of Mercury. Hence the creatures 
ich seem to us most unwieldy—the elephant, the 
ipopotamus, anil the rhiuoeeros, or even those vast 
nsters, (he mammoth, the mastodon, and themega- 
srium, which bore sway over our globe in far-off eras 
night emulate on Mercury the agility of the antelope 
the greyhound. 

There can be no doubt that where gravity acts so 
bly, all engineering operations would be rendered 
y much simpler—bridges could have a wider span, 
1 yet be stronger than our terrestrial ones, buildings 
ild be loftier and yet be raised more easily, and 
nsit of all sorts would be effected much more readily, 
ile at the same time the distances to be traversed are 
y much less than on our earth, since the surface of 
rcury is lit tie more than one-seventh of the earth’s. 
The peculiarities which characterise Venus are for 
: most part similar in kind to those we have had to 
isider in the case of Mercury. But at the oatset of 
• inquiries into the physical habitudes of this most 
mtiful planet, we must point to the striking re- 
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:is been examined by the most eminent modem ob- 
>rvers, armed with telescopes of the most exquisite 
efmuig power, without any trace of a companion orb 
dug noticed. Nor indeed can any reasonable doubts 
a entertained respecting the moonless condition of 
wins by those who appreciate the character of 
lodorn telescopic observations. And yet, if I had 
>gun this paragraph by stating the evidence in favour 
the existence of a satellite, I believe that nearly 
rery reader would have come to the conclusion that 
ost certainly the Planet of Love has an attendant 
b. They are not amateur observers only who have 
en a moon ati ending on Venus, but such astronomers 
Cassini and Short, the latter with two different tele- 
opes and four different eye-pieces. Four times, be- 
reen May 3 and 11, 1761, Montaigne saw a body 
;ar Venus which presented a phase similar to that of 
e planet, precisely as a satellite would have done. 
:om these observations M. Baudouin deduced for the 
:w star a diameter of about 2,000 miles, and a distance 
Dm Venus nearly equal to that which separates the 
oon from the earth. In March 1764, again, Rodkier 
w the enigmatical companion; Horrebow saw it a 
w days later; and Montbaron saw it in varying posi- 
dus on March 15, 28, and 29. Lastly, Scheuten, who 
tnessed the transit of Venus in 1761, declares that 
: saw a satellite accompany Venus across the face of 
e sun. So that we cannot be greatly surprised that 
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lere is little occasion to dwell upon Venus’s moon- 
ondition, because the inferior planets are much 
.fleeted by the want of a moon than a superior 
i would be. The service rendered by our own moon, 
iminary of the night, is the least important work 
res in our behalf. It is as the chief regulator of 
ides that the moon befriends us most usefully. 
Venus has no need of lunar tides. Assuming 
he has oceans such as those which exist upon the 
her solar tides must be about two and a half 
as high as the solar tides raised in our own 
s. Now, since our lunar tidal wave is about two 
half times as high as the solar one, we have tides 
ig between the highest spring tides, which are 
and a half times as high as the solar tide alone, 
he lowest neap tides, which are only one and a 
imes as high as the solar wave. Venus has con- 
tides, therefore, corresponding very closely to the 
tides on our own earth ; and therefore perfectly 
adapted to subserve all the purposes which our 
render us, only with less variety in their mode of 
tion. Mercury also has sufficiently high solar 
supposing he has extensive oceans (which may 
lably be questioned), since the smallness of Iris 
isions (tending of course to diminish the difference 
ion, on which the sun’s tidal influence depends)is 
compensated by his great proximity to that orb. 
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of that which separates the sun from us. Her day is 
about thirty-five minutes shorter than ours, and her 
globe somewhat smaller than the earth’s. 

It is clear that, merely in the greater proximity of 
Venus to the sun, there is little to rendei* at least a 
large proportion of her surface uninhabitable by such 
beings as exist upon our earth. The sun, as seen in 
her skies, has a diameter one-third larger than he pre¬ 
sents to us; and his apparent surface dimensions, on 
which of course his heating and illuminating powers 
depend, are greater in the proportion of about sixteen 
to nine. This undoubtedly would render his heat 
almost unbearable in the equatorial regions of Venus, 
but in her temperate and sub-arctic regions a climate 
which we should find well suited to our requirements 
might very well exist; while her polar regions might 
correspond to our temperate zones, and be the abode of 
the most active and enterprising races existing upon 
her surface. 

Here, however, we have been supposing that Venus 
has seasons resembling our own in character—in other 
words, that her axis of rotation is inclined at about the 
same angle to the plane in which she travels. Obser¬ 
vations have been made, according to which a very 
different state of things would appear to prevail. It 
has been said, on the authority of observers of some 
eminence, that her axis is inclined only 15° to "the plane 
of her orbit. 1 If this is really the case, a number of 

' If the observations of Be Vico may be trusted, the inclination 
of Venus,.though less than 76°, is still so considerable (about 56°) 
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singular and somewhat complicated relations are pre¬ 
sented, the result of which it may be interesting to 
exhibit to the reader. 

In the first place, the arctic regions of Venus ex¬ 
tend within fifteen degrees of her equator (if the axis 
is really bowed as supposed), while the tropics extend 
within fifteen degrees of her poles—so that two zones, 
larger by far than the temperate zones of our earth, 
belong both to her arctic and to her tropical regions. 
It is difficult to say whether her equatorial, her polar, 
6r her arctico-tropical regions would be, to our ideas, 
the least pleasing portion of her globe. 

An inhabitant of the regions near either pole has to 
endure extremes of heat and cold such as would suffice 
to destroy nearly every race of living beings subsisting 
upon the earth. During the summer the sun circles 
continually close to the point overhead, so that, day 
after day, he pours down his rays with an intensity of 
heat and of light exceeding nearly twofold the mid-day 
light and heat of our own tropical sun. Only for a 
short time, in autumn and in spring, does the sun rise 
and set in these regions. A spring or autumn day, 
like one of our days at those seasons, lasts about twelve 
hours ; but the sun attains at noon, in spring or autumn, 
a height of only a few degrees above the horizon. Then 
presently .comes on the terrible winter, lasting about 
three of our months, but far more striking in its cha¬ 
racteristics even than the long winter night of our polar 

as to justify the general conclusions deduced in the following para¬ 
graphs. 
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ns. For, near our polos, the sun approaches the 
m at! ho hour corresponding to noon ; and though 
'os not show his face, he yet lights up the southern 
with a cheering twilight glow. But during the 
er part of the long night of Venus’s polar regions, 
an does not approach within many degrees of the 
m. Nay, he is farther below the horizon than the 
ight winter sun of our arctic regions. Thus, un- 
iie skies are lit up with auroral splendours, an in¬ 
darkness prevails during the polar winter which 
add largely to the horrors of that terrible season, 
inly, none of the human races upon our earth 
bear the alternations between these more than 
terrors and an intensity of summer heat far ex- 
ng any with which we are familiar on earth, 
et us see whether the equatorial regions are more 
ing abodes. 

1 these parts of Venus there are two summers, 
iponding to the spring and autumn of the polar 
as. At these seasons the sun rises day after day 
3 point overhead, and the weather corresponds for 
e to that which prevails in the tropical regions of 
wn earth. But between these seasons the sun 
3 away alternately to the northern and southern 
During the season corresponding to summer 
i above the horizon nearly throughout the 23 
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a, travelling always in a small circle close around 
: northern pole. During the season corresponding 
winter he is above the horizon only a very short 
le each day, and is always close to the south, attain- 
; only an elevation of a few degrees at noon. Thus 
have the following curious succession of seasons: 
the vernal equinox a summer much warmer than 

■ tropical summers; about 56 days later, or at the 
nmer solstice, weather resembling somewhat the 
ing of our temperate zones, only that the night is 
eedingly short; yet 56 days later there is another 
nmer, as terrible as the former; and lastly, at the 
iter solstice, the days are shorter and the cold pro- 
)ly more intense than in the winter of places near 

■ Arctic Circles. In such regions the contrasts, 
her than either of the extremes of climate, would be 
st trying to terrestrial races; and it is scarcely too 
,ch to say that no races subsisting upon our earth 
ild possibly endure such remarkable changes, see¬ 
ding each other so rapidly. 

Lastly, the beings who inhabit the wide zones 
ich are at once tropical and arctic have climates 
ging between the two limits just considered. If 
y are near the equatorial regions they suffer from 
the vicissitudes of the equatorial climate, with this 
ther tribulation, that in midwinter they do not see 
sun even at mid-day—a circumstance by no means 
ipensated (according to our ideas) by the fact that 
r the summer solstice the sun does not set. If they 
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terrible than the polar summer, and a winter 
y less dreary and bitter. 

rtunately for our ^belief in the habitability of 
, astronomers are far from accepting with con- 
i the assertions of those observers who have as- 
to Venus an inclination so remarkable. If her 
.tion at all resembles the earth’s, there is every 
to believe that her physical habitudes also re- 
; those of the earth. In this case, the argument 
nalogy, presented in the opening chapter of this 
seems to force upon us the conclusion that she is 
ted; while we may believe, though perhaps with 
infidence, that a close resemblance subsists be- 
the creatures which people her surface and those 
hich we are acquainted. 

i have no direct evidence, indeed, on which to 
l our belief that the great proximity of Venus 
sun may not be accompanied by any very 
able peculiarities in the characteristics of her 
. But we have an indirect argument of some 
h. If Venus is much nearer than the earth 
sun, the earth, in turn, is much nearer to the 
an Mars is. Yet, as we shall see in the next 
r, we have clear evidence from telescopic obser- 
and still clearer evidence in the results of spec¬ 
ie research, that the climatic arrangements on 
io not differ in any remarkable degree from those 
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that, despite the claim which Dr. Whewell has put in 
for microscopic animalcules with siliceous coverings as 
the sole inhabitants of Venus? I can find no reason (if 
the abnormal axial inclination above considered is once 
disproved) for denying that she may be the abode of 

any which exist upon the earth. 

Gravity at the surface of Venus is so nearly equal 
to terrestrial gravity that the difference is altogether 
insufficient to introduce any noteworthy effects. 

sphere has been carefully estimated. If Venus had no 
atmosphere, she would present, when homed, a semi¬ 
circular convexity; whereas the refractive effects of an 
atmosphere, by causing the sun to illumine rather 
more than a full hemisphere, would tend to lengthen 
her horns. It has been found that her convexity when 
she is horned exceeds a semicircle, and from the 
observed extent of this excess, it has been calculated 

as to make its refractive effects on a body near the 

about the proportion in which the diameter of the sun 

us, the inhabitant of Venus, like the inhabitant of our 
earth, sees the sun fully raised above the horizon at the 

concealed beneath it. 

Of the constitution of the atmosphere of Venus we 
know little. The spectrum of her light Bhows the 
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-a which belong to the solar spectrum, and the 
iecchi has noticed certain faint lines, which 
indicate the presence of aqueous vapour in 
osphere of the planet. But he scarcely gives 
ory evidence that the lines he has thus seen 
t due to the absorption exercised by aqueous 
in our own atmosphere. The same observer 
the strengthening of the nitrogen lines near 
ine of the spectrum, evidence that the atmo- 
>f Venus is constituted very similarly to the 
reathe. 

he whole, the evidence we have points very 
to Venus as the abode of living creatures not 
he inhabitants of earth. With the sole excep- 
le inclination, which has been, without sufficient 
:, assigned to the planet’s equator, I can see 
which can reasonably be held to point to 
3 ite conclusion. The strong light which the 
rs upon Venus need least of all be objected 
, if there is one adaptative power which Nature 
more clearly than another, it is that by which 
ms creatures we are acquainted with are enabled 
1 comfort under all degrees of light, from the 
j in which the mole pursues his subterranean 
es, to the blazing light of the noonday sun 
which (in fable, if not in fact) the eagle turns 
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nets a certain proof that reasoning beings must 
st who can appreciate the display. Surely the 
jument has very little force, since we know that 
Tiads on myriads of ages must have passed, during 
ich the glories of our own heavens were displayed, 
jht after night, with none to regard them. The 
>on has passed through all her phases, the star of 
>ming and of eve has shed its soft radiance upon the 
restrial landscape, Jupiter and Saturn have pursued 
iir stately courses among the fixed stars, and the 
>ries of those constellations which shine with equal 
endour upon all the planets of the solar scheme 
ve been displayed in all their unchanging magnifi- 
ace, while as yet our earth was the abode but of 
leous reptiles, or of yet more monstrous creatures in 
■est and in plain. 

If this argument were really of force, doubtless 
ere are no planets in the whole range of the solar 
stem to which it might not be applied. Each has 
ne special object of beauty in its heavens, which is 
t exhibited to the rest. Certainly Mercury and 
nus are no exceptions to this rule. The inhabitant 
Mercury sees in Venus an orb which, when favour- 
ly situated, far outshines in splendour the brightest 
the planetary orbs seen in our skies. So far, indeed, 
light-giving power is concerned, Venus must be no 
itemptible moon to the Mercurials when she is nearly 

opposition. Our earth, too, with its companion 
>on, must form a noble object in the sky of Mercury, 
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separately visible. To the inhabitants of Venus, 
y and the earth must be splendid objects. The 
would not only appear much larger than to 
as, but being seen almost as favourably as we 
ius, would form a much more striking object in 
ning or evening skies of that planet. The earth, 
by the inhabitants of Venus, must shine much 
ilcndidly than Jupiter does in our skies. Our 
oust be distinctly visible, so that, without the 
uy telescope, the inhabitant of Yenus has such 
e of the Copernican theory as would suffice, if' 
j handled, to rout the ranks of the Ptolemaists, 
ng there have ever been people in Venus who 
id the tiny globe they live upon to be the 
if the universe. 


r 




CHAPTER IV. 


MARS, THE MINIATURE OF OUR EARTH. 

' is singular that, among all the orbs which circle 
ound the sun, one only, and that almost the least of 
ie primary planets, should exhibit clearly and unmis- 
kably the signs which mark a planet as the abo^e 
'life. We have examined Mercury and Yams, Ibe 
lly other orbs which belong like the earth and Mars 
i the scheme of the minor planets, and we have found 
:tle to guide us to any certain conclusion respecting 
leir physical habitudes. When we pass beyond the 
ide gap which separates the minor planets from the 
ant members of the solar family, we shall find much 
i attract our admiration, much to force upon us the 
•lief that these orbs hav© been created to he the 
>odes of even nobler races than those which suk-bt 
aon our earth; but we shall find little to justify us in 
serting that they resemble the earth in those hahi- 
ides which seem essential to the wants of terrestrial 
.ces. The planet Mars, on the other hand, exhibits 
, the clearest manner the traces of adaptation to the 
ants of living beings such as we are acquainted with, 
recesses are at work out vender in suaee which 
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at terly useless, a real waste of Nature’s energies* 
like their correlatives on earth, they subserve 
its of organised beings. 

ould not indeed insist, as some have done, too 
y upon this argument. I know that on every 
: see tokens of an exuberant activity in Nature, 
according to our ideas, may appear to savour of 
ilness. The cloud which has been raised by 
ar energies from tropical seas, and which the 
have wafted over continents, may shed its 
on the sea or in the desert, where seemingly 
re wholly wasted. Winds may spend their 
pparently in vain. And in a thousand ways 
s busy forces may be at work where we, in our 
ghtedness, can see no useful purpose which they 
e. 

, there is a marked distinction between such ap- 
instances of wasteful action, and the systematic 
es which are taking place over the globe of 

m our earth we can dimly trace out a necessity 
ling upon the order which actually exists) for 
hich appears to resemble waste. We see, for 
e, that if a country or a continent is to be pro- 
dth a due supply of rain, without supernatural 
ntion at every step of the process, that result 
ly he secured by what may be described as a 
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:h that one of our pound weights placed at the 
of Mars would weigh but 6 oz. 3 dwts., instead 
7 7 ounces, as on Mercury. I have already dwelt 
iffects of such a relation as this, and shall have 
, when describing the condition of Jupiter, to 
the converse relation. But I may remark, in 
how singular it is that we should be compelled 
e the smallest planets with the largest' inhabit- 
we wish to bring the inhabitants of different 
about the same scale of activity. A Daniel 
t on Mars would be able to leap easily to 
t of five or six feet, and he could run faster 
e best of our terrestrial athletes. A man of 
•ht, but proportioned more suitably for athletic 
s, could leap over a twelve-feet wall. On the 
and, a light and active stripling removed to 
would be scarcely able to move from place to 
On the sun his own weight would simply 
m to death. 

> travels in an orbit of considerable eccentricity •* 
the centre of his orbit is no less than 13,000,000 
am the sun. Accordingly, the light and heat 
ves from that luminary vary to an important 
In fact, he gets about half as much heat and 
;ain when in perihelion as when in aphelion, 
mmstance affects to an important extent the 
rfilat.inns nP t,wi» ViAmisnliprAa n.a wa aViall 
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proportion of about 4 to 9. The length of his year 
also constitutes a noteworthy circumstance in which 
his habitudes differ from those of our earth. His year 
contains very nearly 687 of our days, so that each of 
the Martian quarters lasts about 5§ of our months. 
But, owing to the eccentricity of his orbit, the winter 
and summer of the northern and southern hemispheres 
are not equal. The Martian day is nearly forty minutes 
longer than ours. 1 

His equator is inclined at an angle of about 27 \ 
degrees to the plane of his orbit, and as the corre¬ 
sponding inclination in the case of the earth is about 
23^ degrees, it will be seen that his seasonal changes 
do not differ much in character, so far at least as they 
depend on inclination, from our own. 

The axis of Mars .is so situated that the summer 
of his northern hemisphere occurs when he is at his 
greatest distance from the sun. The same relation 
holds in the,case of the earth, the sun being 1,500,000 
miles nearer to us in winter than in summer, whereas, 
to those who live in the southern hemisphere, he ap¬ 
proaches nearer in summer than in winter. But the 
effects resulting from the relation in the case of Mars 

1 More exactly, the length of the Martian day is 24h. 37m. 22-7s. 
This estimate I have obtained by comparing pictures taken by 
Hooke in 1666, and by Dawes and Browning in 1866-69—taking 
precautions to secure that no complete rotation should anywhere 
be lost sight of. Kaiser obtained a period differing only one-tenth 
of a second from mine; but even this small discrepancy is removed 
when certain clerical errors in Kaiser’s work (as his counting 1700 
and 1800 as leap-years, and wrongly correcting for change of style) 
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11 st, be very much more striking than those we re¬ 
guise. For whereas the sun gives only one-fifteenth ' 
ire heat to the whole earth in January than he does 
July, the sun of Mars gives half as much light 
aiu iu perihelion as in aphelion. The summer of” 
e northern hemisphere of Mars must be rendered 
uch cooler and the winter much warmer by this ar- 
ngement. On the other hand, the contrast between 
e summer and winter of the southern hemisphere is 
ndered more striking than it otherwise would be. 

It is, however, the telescopic aspect of Mars rather 
an relations such as we have been dealing with that 
fords the most interesting evidence respecting the 
ness of the planet to be the abode of living crea- 
res. Although the least but one among the primary 
mets—a mere speck compared with Jupiter and 
.turn—Mars has been examined more minutely and® 
ider more favourable circumstances than .any object 
the heavens except the moon. He does not ap- 
oach us so closely as Yenus, nor does his disc appear- 
large as Jupiter’s, yet he is seen more favour- ; 
ly than the former planet, and on a larger scale, in. 
ality, than the latter. In fact, whereas Venus is5 
e of the most unsatisfactory of ah telescopic ob- ’ 
its, Mars is one of the most pleasing; and whereas! 
ipiter is always more than 380,000,000 of miles froraj 
, Mars sometimes approaches us within less than® 
•,000,000 of miles. f 

Yet even this distance is enormous, and it affor 
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Scopes are constructed and used that astronomers 
should have been able to span that mighty gulf, and 
to bring from beyond it reliable information respecting 
the structure of so distant a world. 

Such information has been brought, however, and is 
full of interest. 

Viewed with the naked eye, the most remarkable 
feature Mars presents is his ruddy colour. In the 
telescope this colour is not lost, but instead of charac - 
terising the whole surface of the planet, it is confined 
to 0 particular regions—the intermediate parts being for 
the most part darker, and of a somewhat greenish hue. 
But a noteworthy feature adds largely to the beauty 
. of the picture presented by the globe of Mars. Two 
bright spots of white light are seen on opposite sides 
of his disc, presenting, precisely such an appearance 
%s we might imagine the snowy poles of our earth to 
exhibit tq^wa astronomer on the planet Venus. 

Towards the edge of the disc the ruddy and the 
greenish tracts are lost in a misty whiteness, which 
grows gradually brighter up to the very border of the 
planet. This peculiarity, as will he seen, is one of the 
most instructive features of the planet’s aspect. 

^ In August 1877 two minute moons were discovered 
which travel around Mars in about 30j hours and 
about 7§ hours respectively. 

It was discerned, more than two hundred years ago, 
that the reddish spots on Mars, and the darker regions 
which lie between them, are not accidental or variable 
phenomena, but. represent permanent peculiarities of 
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the Martian surface. Cassini, with one of those out¬ 
rageously long telescopes which were used before the 
invention of achromatic refractors, was the first to dis¬ 
cover this. But the ingenious Hooke seems to have 
obtained better views of Mars in 1666. At least, his * 
pictures of the planet are the only ones taken in the 
seventeenth century in which I can recognise the now 
well-known aspect of the Martian continents and oceans. 

Later, Maraldi and the Herschels, Arago, Secchi, 
Kunowski, Beer, and Madler, and a host of other 
eminent astronomers, have not thought the study 
of this planet’s aspect beneath their notice. Within 
the last few years, also, this work has been prosecuted 
by Dawes, Green, R. Trouvelot, and others. Dawes, 
whose acuteness of vision earned for him the title of the 
£ eagle-eyed,’ took so many and such admirable views 
of the planet as to render it possible to form a globe of ^ 
Mars. Sir William Herschel had chartered the planet, 
and Messrs. Beer and Madler had made improved Mar¬ 
tian maps; while Phillips had constructed two globes of 
Mars in which many features were presented. But 
Mr. Dawes’s pictures of the planet were sufficient, when 
carefully compared, for the formation of a globe in 
which no large area of the planet should be left bare of 
details. He entrusted to me no less than twenty-seven 
drawings of Mars, the choicest specimens of a very 
large series, that I might chart the planet from them. 
From the study of his drawings the accompanying chart 
has been formed. Of the four illustrative views the 
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by Mr. Nath. Green. The chart of Mars, in 
the darker parts of the planet are assumed to 
as and the lighter tracts continents, exhibits 
ssults obtained from the study of the complete 
This chart is on Mercator’s projection, and 
erted—the south polar regions, that is, are at 
rp—because the telescopes commonly used by 
ers exhibit inverted views of the celestial ob- 
At the top of the map we see the icy region 
lies at the southern pole of Mars. Around 
■egion is a sea unnamed in the maps. Thc-n 
the southern temperate zone there lie several 
of Martian land, named after observers of the 
. These regions appear to form a continuous 
ielt round the temperate zone ; though there 
le uncertainty on this point, owing to the fact 
re coast-line is not often very distinctly visible. 
>w approach, however, a part of the map where 
; features are thoroughly recognised and perma- 
Next to the circle of land just described there 
;arly complete circle of water, one strip only of 
ionnecting the equatorial continents of Mars 
he south temperate zone of minor continents. 
Ding at the eastern or left-hand extremity of 
Dap, we have a long sea called Maraldi Sea 
>1 to which runs Hooke Sea, trending in a 
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Eue Ocean, communicating by narrow straits with 
two strikingly similar seas. Here the zone of water 
ends, and we have only to note further respecting it 
that in De la Rue Ocean there is a large islands 
which presents so strikingly brilliant an aspect that 
it has been supposed to be covered (ordinarily) with 
snow. It has been called Dawes’s Ice Island. 

I now come to the most remarkable feature of the 
Martian geography—or perhaps I ought rather to say, 
areography. This is the great equatorial zone of 
continents. There are four of these. On the left of 
the map is Herschel I. Continent. Next is Dawes 
Continent, the largest of the four, and separated from 
the former by a long sea called Kaiser Sea. This sea 
is one of the most striking marks on the- planet, and 
has been recognised from the earliest days of telescopic 
observation. It is connected towards the east with a 
flask-shaped sea, somewhat resembling the two which 
lie at the western extremity of the zone of water just 
described. At its northernmost end it turns sharply 
westward, and forms the southern boundary of Dawes 
Continent. Further west lies Madler Continent, sepa¬ 
rated from Dawes Continent by a long strait, which 
runs almost directly north and south. Lastly, there is 
Secchi Continent, separated from Madler Continent 
by Bessel Inlet and from Herschel Continent by 
Huggins Inlet. A large lake on the last-named con¬ 
tinent is worthy of notice on account of its singular 
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The northern half of Mars has not been so tho- 
ighly examined as the southern, for a reason which 
1 presently be mentioned. It is known, however, 
it, in all essential respects, it resembles the southern 
nisphere. Next to the equatorial zone of continents 
;re comes a zone of water, expanding at one point 
o Beer Sea, and at another into Tycho Sea. Then 
nes a zone of land, called Laplace Land, in which 
3 an enormous lake called Delambre Sea. Next is 
Larrow zone of water, called the Schroter Sea : and 
we reach the north polar ice-cap. 

I have been speaking of the spots on Mars as 
ragh they undoubtedly represented land and water. 

.t many may be disposed to question the evidence 
have on this point—to ask why the ruddy spors 
>uld be held to be continents or islands, and the 
;enish-coloured markings to be oceans, seas, and 
:es. We know that for a long time after the in- ’ 
ltion of the telescope, astronomers called the darker 
•tions of the moon, seas. They spoke of the Sea of 
renity, the Sea of Crises, the Sea of Humours, and 
on ; and we know now for certain that these dusky 
pons are not seas. It may be asked, therefore, how 
can feel certain that the dark spots ou Mars are 
sans. 

At first sight this question seems a difficult one 
answer. The most powerful telescopes have been 
eeted towards the moon, without affording any 
isfactory information respecting the condition of 
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e distinctness or indistinctness with which our own 
mosphere permits us to see the planet. A spot will 
s blurred and indistinct when a neighbouring marking 
exhibited with unusual clearness. 

Let us consider an instance of this peculiarity. On 
rtober 3, 1862, late in the evening, a part of Dawes 
3 ean, where it borders on Herschel Continent, was 
dden from view. In place of the ordinarily dark 
pect of this region, a faint, misty light, with ill- 
sfined borders, was observable. As the evening pro- 
essed the outlines gradually became clearer, but at 
•out half-past eleven the white light still continued 
veil the outline of a part of Dawes Ocean. But Mr 
awes, observing Mars at a quarter past twelve, 
und that the process of clearing up noticed in 
e earlier part of the night had entirely lifted off 
e veil which concealed the coast-line. The remains 
the misty light seen earlier are still to be detected 
Mr. Dawes’s drawing, but they have passed farther 
uth, and no longer hide the shores of Dawes Ocean. 

The Padre Secchi of the Collegio Komano states 
at he has often noticed similar appearances while 
iserving Mars with the fine refractor in the observa- 
ry of that institution. 

But yet another peculiarity of the same sort remains 
be mentioned. Mars, as I have said, has his winter 
d summer seasons. Since we know the position of 
e Martian equator upon his surface, we can t ell what 
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hemisphere, and therefore summer in the other, 
riner hemisphere is nearly always hidden from 
y just such a veil as I have spoken of above, 
nay remark, in passing, that this peculiarity has 
my observers to form very erroneous impressions 
ting the distribution of land and water over the 
; of Mars. Seeing one hemisphere covered for 
together with whitish light, they have concluded 
here are no oceans there; and if they have no 
opportunity of observing the planet, the mistaken 
sion remains, and is published to the world with 
authority of the observer’s name, 
w, what is this veil which sometimes for a few 
>r days, at others for months together, is drawn 
le features of the Martian globe ? Have we any 
rial analogies by means of which we may inter¬ 
ns phenomenon ? 

answer these questions, let us conceive the 
f an observer on Venus watching our earth. 

such an observer always see the features of 
lobe with equal distinctness ? When heavy 
of cloud are drawn over a wide expanse of 
y—spreading often, as meteorologists record, for 
ids, and even thousands of miles—can we suppose 
le astronomer on Venus could pierce through 
d ? Since we cannot see the bright body of the 
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this globe would be to him, at such a time, as though 
they were not. 

Here, then, we have an argument from analogy for 
supposing that the veil, which from time to time con¬ 
ceals the Martian features, may resemble terrestrial 
cloud-banks. Let us next inquire whether there is 
anything in the behaviour of the Martian veil to justify 
this view. 

It is clear that if we held the concealing medium to 
be of a cloudy nature, the disappearance of the features 
of the hemisphere which is passing through the Martian 
winter would indicate that in winter the Martian skies 
are more clouded than in summer. We know that 
this is the case on our own earth, that fogs and mists, 
clouds, rain, and snow, are phenomena far more fre¬ 
quently observed in winter than in summer. We 
know also why it is so. The cold winter air is unable 
to retain the aqueous vapour continually passing into 
it, and is thus forced to precipitate this vapour in one 
or other of the forms just named. Nor can we see any 
reason why the Martian atmosphere, supposing it to 
resemble our own, should not act in precisely the same 
manner. Thus we recognise, in the remarkable seasonal 
peculiarity above described, what seems to be the exact 
counterpart of processes recognised upon the earth. 

Perhaps the reader may be disposed to inquire 
whether "the clearing up of a portion of the Martian 
disc observed by Dawes admits of interpretation in a 
similar way. To this it may be replied that, from the 
observed position of the region in question, the Martian 
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f day there must have been somewhere about 
md about one o’clock in the afternoon (according 
terrestrial mode of reckoning) when Mr. Dawes 
?d the planet. It is no uncommon thing to see 
restrial skies clear up soon after mid-day; and 
veil which conceals the Martian features is really 
, this is precisely what happened out yonder, 
nillions of miles away from us, on the day in 
>n. 

hink the reader will at least concede that the 
ition here given of these peculiarities is more- 
[ than one which was put forward some time 
Dy an eminent French astronomer. He urged 
lartian vegetation, instead of being green like 
i red; hence in the Martian summer, the surface, 
n by us, assumes a ruddy aspect, while the 
hemisphere loses its ruddy tint. According 
interpretation, such changes as were noticed by 
would indicate the sudden blooming forth of 
n vegetation over hundreds of square miles of 
irtian surface! 

the evidence already dealt with may be added 
hich is afforded by the whiteness of the disc 
s near the edge. Knowing that the parts of 
,-hich thus appear concealed in mist are those 
it is morning or evening to the Martians, we 
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I may here pause, in passing, to notice under what 
.fficulties the observation of Mars is conducted by 
le terrestrial observer. To begin with, the sky must 
i exceptionally clear; and none but the practised 
iserver knows how seldom there occurs what is called 
i good observing night.’ Then it must be a fine clay 
'r the Martians, for clouds over Mars, or even an im- 
srfectly clear atmosphere, must produce quite as bad 
l effect in spoiling the definition of Martian features 
similar phenomena on earth. Again, Mars only 
mes into a favourable position once in every two and 
quarter years, continuing to be well placed for only 
few months. Thus it happens that, although Mars 
is been telescopically observed for more than two 
mdred years, the actual time during which he lias 
sen favourably placed for observation has been very 
uch less; and taking into account all the require- 
ents for good definition, it may be said that Mars’ 
is not been under really effective observation for 
ore than a very few days. 

Of course if we admit that the vaporous envelope 
rich occasionally hides parts of Mars is aqueous, we 
ust believe' in the existence of oceans upon Mars, 
ad from our knowledge of the appearance of our 
m seas, we should immediately recognise the greeriidi 

sated a subsidiary explanation of this peculiarity, founded on 
3 probable shape of the Martian clouds. For the same reason 
at, near the horizon, our own cumulus clouds seem more closc'y 
eked than overhead, the Martians would see a clearer >la over- 
ad than near the horizon. It follows at once that we should see 
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f Mars as the Martian oceans, and look npon 
dy parts as continents. We have seen that the 
mr of the various envelopes corresponds to 
P our own clouds and fogs. But it might be 
t possible that the vapours arise from fluids 
linn water ; that, in fact, a state of things exists 
Pars wholly different from that which prevails 
tr own earth. 

rw years ago it would have been very difficult to 
e such an argument as this, however fanciful it 
an. But the wonderful powers of the spectro- 
ave been applied to this question, and there is 
taking the results which have been obtained, 
st premise that this is hardly a favourable case 
application of spectroscopic analysis, which (as 
e to the astronomer) deals most effectively with 
linous objects. Still, there was a possibility 
s light which comes from Mars might have been 
1 upon by vapours in the Martian atmosphere 
spectrum would be affected in an appreciable 

Huggins examined Mars in 1864 without satis- 
results, but at the opposition of Mars in 1867 
more successful. In the following description 
most striking observation I epitomise his 
;. On February 14 he examined Mars with a 
scope attached to hie powerful 8-inch refractor. 
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s spots, then, on the Martian disc are no longer 
tful appearances. Before the discovery that water 
3 on Mars it was perhaps somewhat bold to pro- 
ce that these spots certainly indicate the presence 
-fields around the Martian poles, resembling those 
1 exist around the poles of the earth. Sir William 
;hel, indeed, with that confidence which he always 
sd when he had a trustworthy analogy to guide 
came to this conclusion on the strength of the 
spondenee between the changes of the two spots 
die progress of the Martian seasons. But many 
miners felt that there was still room to doubt 
ler he could really speak of the spots as— 

The snowy poles of moonless Mars, 
however, we kuow that they can be no other 
snow-caps. Nay, if Mars were so far off that we 
not distinguish these spots, we could yet, on the 
jth of what the spectroscope has taught us, 
unce confidently that his polar regions must 
:-bound. 

et us proceed a step or two farther. We have 
that there are oceans on Mars; we know that 
s and vapours arise from those oceans, and are 
i over his continents; and finally, we have learned 
snow falls on the Martian polar regions. These 
are very interesting in themselves, but they 
ite the occurrence of processes yet more inter- 
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our earth. The heat of the sun’s rays is used up, so 
1 speak, in raising aqueous vapour from the surface 
the ocean. Thus the air is rendered cooler than if 
herwise would be, and this takes place just where 
loluess is most needed. But the aqueous vapour, 
ice raised, is swept by the winds to other regions. So 
ng as the air remains warm the aqueous vapour re¬ 
ams unchanged; but so soon as it has been carried 
1 colder regions it is condensed into the form of a cloud 
■ mist, and while changing to this form it parts with 
le heat which had turned it into vapour. Thus where 
?at is "ft excess, it is used up in forming aqueous 
ipoar ; and where heat is wanted, there tiie aqueous 
ipour distributes it. 

We see, then, that on Mars there exists the same 
linirable contrivance for tempering climates which we 
id on our own earth. 

But let us consider yet another office full!lied by 
[ueous vapour. It not only serves to convey the 
;at from the warmer parts of the earth to those 
gions where heat is most needed ; it forms clouds 
inch serve to shelter the earth from the sun’s heat by 
ty, and to prevent the escape of the earth’s heat by 
ght, which also, in refreshing rains, ‘drop fatness 
1 the earth.’ Now the clouds on Mars are* certainly 
ssipated in some way, because, as I have said, 
tronomers have repeatedly seen them disappear, 
id doubtless, like our own clouds, they are ofien 
ssipated by the sun’s heat. But ve may take it for 
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sd that, like our terrestrial clouds, they are also 
dissipated by falling in rain. Thus the Martian 
are nourished by refreshing rainfalls; and who 
rubt that they are thus nourished for the same 
ie as our own fields and forests—namely, that' 
ition of all sorts inay grow abundantly? 
it yet again, the transit of clouds from place to 
implies the existence of aerial currents. Clouds 
; indeed even form and be dissipated without 
ming wind-currents ; and it need hardly be said 
he Martian clouds could not be carried to his 
regions, there to fall in snow, unless the atmo- 
c currents on Mars were extensive and persistent, 
se, then, that Mars has winds as our earth has. 
less his trade-winds are less marked than ours, 
;e his surface rotates less rapidly than the earth’s, 
>be being much smaller, while his rotation-period 
fitly greater. But he has less need for trade- 
his oceans being so much less extensive than” 
No Columbus on Mars has ever needed the 
ent breath of easterly winds to encourage him 
voyage to an undiscovered continent. Rather, 
tricate navigation of the narrow Martian seas 
be favoured by variable breezes. But the 
purposes which the circulation of our own 
rhere subserves are subserved efficiently out 
• on Mars. The air is cleansed and purified. 
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for which, like our own, it has doubtless been 
created. 

We may trace yet farther, however, the results 
which follow from the existence of aqueous vapour 
in the atmosphere of Mars. We see the polar snows 
aggregating in the Martian winter and diminishing in 
the Martian summer. And we know that, on our own 
earth, the increase and the diminution of the polar 
snows are processes intimately associated with the 
formation and maintenance of the oceanic circulation. 
Doubtless much yet remains to be done before that 
system of circulation will be fully understood. The 
rival views which have been maintained by Sir John 
Herschel and Captain Maury have served to throw a 
certain air of doubt over the theory of ocean currents . 1 
But whether we ascribe the equatorial currents of our 
oceans to the trade-winds, with Herschel, or to differ¬ 
ences of specific gravity, with Maury, we see that, in 
the first place, both causes operate in the case of Mars; 

1 If Herschel has completely overthrown Maury’s theory, that 
currents are altogether due to differences of specific gravity, salt¬ 
ness, and so on, Maury has at least been as successful in overthrow¬ 
ing Herschel’s theory, that the currents are due to the trade-winds. 
A theory more probable than either is, I think, that according to 
which the whole system of circulation is set in piotion by the con¬ 
tinual evaporation going on in equatorial seas. Thus, by a process 
resembling suction, an in-draught of cold water is caused, and this 
water coming from higher latitudes, where the earth’s eastwardly 
motion is less, to lower latitudes, where the eastwardly motion is 
greater, produces the relatively cold and westwardly equatorial 
currents which exist in the Atlantic, Indian, and Pacific Oceans. 
Recent researches into the temperature of the deep sea have tended 
strongly to confirm these views, which I dealt with at some length 
in the second volume of my ‘ Light Science for Leisure Hours.’ 

11 2 
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niilly, that the submarine return-currents from 
a- regions must, at. any rate, be due to the 
of ice in the polar seas. So that, undoubtedly 
ian ocean.", so far as their peculiar confonna- 
pennit, are traversed by currents in various 
is and at various dept hs. 

i, lastly, there must be rivers on Mars. The 
hich often hide from our view the larger part 
rtian continent indicate; a rainfall at least as 
ibit: (in proportion) as that which we have on 
i. The water thus precipitated on the Martian 
ts can find its way no other wise to the ocean 
ng river courses. 

> the nature of these rivers, again, we may form 
res founded on trustworthy analogies. The 
stence of continents and oceans on Mars proves 
on of forces of upheaval and of depression, 
oust be volcanic eruptions and earthquakes 
g and remodelling the crust of Mars. Thus 
ist be mountains and bills, valleys and ravines, 
:ds and watercourses. All the various kinds 
y which make our earth so beautiful have their 
ta,fives in the ruddy planet. The river courses 
■ean, by cataract, and lake, here urging its way 
isly over rocks and boulders, theie gliding 
tely flow along its more level reaches. The 
peeds to the river, the brook to the rivulet, and 
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CHAPTER V 0 

IIPITER, THE GIANT OF THE SOLAR SYSTEM, 

G over the zone of asteroids, we come now to 
blest of all the planets—the giant Jupiter. If 
s to be the measure of a planet’s fitness to be 
ode of living creatures, then must Jupiter be in- 
d by the most favoured races existing through- 
e whole rang? of the solar system. Exceeding 
rtb some 1,230 times in volume, and more than 
mes in mass, this magnificent orb was rightly 
d by Brewster as the crowning proof of the 
e insignificance of the earth in the scale of 
n. 

if we estimate Jupiter rather by the forces in- 
in his system, if we contemplate the enormous 
y with which his vast bulk whirls round upon 
s, or trace the stately motion with which he 
i onward on his orbit, or measure the influences 
[eh he sways his noble family of satellites, we are 
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ims, a Leverrier, or a Delaunay. Even now a 
nd grand problems are presented to our men of 
^ which escape their notice, and we might as 
tbly argue that there must be creatures existing 
eived amongst us, who deal with these problems, 

, out yonder in space, there must be beings who 
die complicated motions of the Jovian satellites, 
liter presents the following principal physical 
ies:— 

has a diameter of about 85,000 miles, or nearly 
es as large as the earth’s, a surface 115 times 
and, as I have said, a volunfe more than 1,200 
arg|r. Gravity at his surface is about two and 
tim&s as great as on our earth’s, so that such 
:es as exist around us would find their weight 
more than doubled if they were removed to 
r. He lies more than five times farther from the 
an our earth, and the light and heat which he 
:s from that orb are reduced to about one-twenty- 
’ our supply. He rotates on his axis in rather less 
en hours (9 hours 55 minutes 26 seconds), so 
Le length of his day is considerably less than half 
3. His axis is nearly perpendicular to his orbit, 
t there are no appreciable seasonal changes as 
:eps round the sun in his long year of 4,332£ 


will be convenient to consider, first, the probable 
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between eight feet and eleven, according as we 
j Bishop Cumberland’s calculation, or the Vatican 
Df the Septuagint. Now, Wollius proves the 
f the inhabitants of Jupiter to be the same as 
f Og, king of Bash an, whose iron camp-bed was 
mbits in length and four in breadth—or rather 
dws, in the way stated, the ordinary altitude 
i Jovicolce to be 13^^ Paris feet, and the 
; of Og to have been 13]- * ® feet. See his Works, 
p. 438.’ 

is exact determination of the dimensions of Jovian 
vould be very pleasing and satisfactory were it 
at another line of argument guides us at least as 
sively to a very different view. If we are to 
e that beings resembling men in all attributes 
. size actually exist on Jupiter, we might claim for 
beings the power of moving from place to place 
sly as we do, with quite as much reason as 
is claimed for them the same powers of vision 
re possess. Proceeding according to this view, 
e led to the conclusion that the Jovicolce are 
es about two and a half feet, on the average, in 
;. For we know that a man removed to Jupiter 
weigh about two and a half times as much as he 
>n our own earth. He would thus be oppressed 
, burden equivalent to half as much again as his 
weight. This would render life itself an insup- 
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■ar-old children, wo may fairly conclude that 
lethod of reasoning is fallacious. We must not 
re the inhabitants of other worlds according 
conceptions suggested by the forms of life we 
piaiuted with upon earth. We must admit the 
ility that arrangements as different from those 
familiar with as the constitution of the insect 
i that of man may be presented amid the orbs 
circle round the sun. It were unwise, no doubt, 
e free scope to speculation where we have, in 
no means of forming an opinion. We need not 
10 , as some have done, that ‘ the inhabitants of 
r are bat-winged,’ or, with others, ‘that they 
.veterate dancers.’ Nor, to take the views of 
respectable authorities, need we agree with Sir 
hry Davy that the bodies of the Jovians are 
sed of ‘numerous convolutions of tubes more 
ous to the trunk of the elephant than anything 
with Whewell, that they are pulpy, gelatinous 
res, living in a dismal world of water and ice with 
3ry nucleus ; nor finally, with Brewster, that the 
may have his ‘home in subterranean cities 
d by central fires, or in crystal caves cooled by 
tides, or may float with the Nereids upon the 
>r mount upon wings as eagles, or rise upon the 
3 of the dove, that he may flee away and be at 
sic). So soon as we give a definite form to the 
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;d at once if there could suddenly take place 
rked change in the earth’s attractive forces, 
view is correct, it is certain that none of our 
:ould thrive on the soil of Jupiter, 
year of Jupiter differs in A much more striking* 
than that of Mars from our terrestrial year, 
sts of nearly twelve such years as ours, so that 
iod corresponding to one of our seasons lasts 
ihree years, and a Jovian month is nearly equal / 
of our terrestrial years. He has, however, no 
in our sense of the word, since his equator is 
l but little more than three degrees to his orbit, 
perpetual spring reigns all over his surface. > 
before we proceed to form a high opinion of 
let’s condition under the influence of this per- 
spring, let us distinctly understand what the 
lean. The word 6 spring ’ has a genial sound to 
is, because we associate it with that which is 
lly the pleasantest portion of our year; but it 
lossible that the perpetual spring reigning over 
, though doubtless well adapted to the wants 
ihabitants, leads to a state of things such as we 
lot find altogether so agreeable, 
as been said that ‘ as the rays of the sun fall 
licularly on the body of the planet, and always 
e to do so, the heat must be as nearly as pos¬ 
tal of oil fV , 0 o 
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1 difference between the sub-equatorial and the 
lar regions in Jupiter, while between these re- 
ivery intermediate climate is to be found, 
ing to the rapidity of Jupiter’s rotation-, the 
of the sun in the Jovian sky must be much' 
eadily discernible and measurable than that with 
Lhe sun seems to pass across our own heavens, 
iverses the whole semicircle, from the eastern 
western horizon, in two minutes less than five 
or about .six degrees in ten minutes. This cor- 
1s to a motion through a space eq ual to the sun’s 
er (as we see him) in fifty seconds, and must 
lily discernible, even to the unaided vision of 
■icola?,, unless their eyesight is much inferior to 
The smallness of the sun, as seen from Jupiter, 
elp to render the motion more perceptible. He 
s to them an apparent diameter only equal to 
m e-fifth of that with which we see him, so that 
seconds he seems to pass over a space equal to 
i diameter. 

s other celestial bodies are affected with similar 
- as seen from Jupiter. Of course, those seen 
e poles of his heavens seem relatively at rest, 
these poles lies in the heart of the constellation 
the other lies close by the Greater Magellanic 
which must present a magnificent cynosure to 
labitants of the southern hemisphere of the 
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juatorial groups are no other than our old friends 
le zodiacal constellations. As seen by the inhabitants 
F Jupiter, they rise with a perceptible but stately 
lotion above the eastern horizoD, pass to their eul- 
lination on the southern meridian, and so to their 
itting-place in the west—exhibiting the same splen- 
ours which the terrestrial astronomer delights to gaze 
[ion, enhanced by the peculiar impressions of active 
ower suggested by visible and obvious motion. 

ht may seem, at first sight, that the presence of the 
pvian satellites must tend to dim the splendour of the 
dereal heavens. Our own moon, despite the beauti- 
ll passage 1 in which Homer has described the calm 
canty of a moonlit night, certainly detracts largely 
om the magnificence of the star-groups; and as at 
mes there must be four moons visible above the 
orizon of the Jovians, it might seem that all but. the 
righter stars would he quite obliterated. The first 
toon must appear somewhat larger than our own ; the 
ext has an apparent diameter rather more than half 
3 large as that of our moon ; the third {'really the 
.rgest) appears about as large as the second ; and the 
>urth has an apparent diameter equal to about a 
uarter of our moon's. Thus, iu ail, they cover a 
iace on the sky more than half as large again as that 
hich our moon covers. But, in reality, thev cannot 

1 Homer rnunt not be held re&pon-ible for lojts 
iription, which, strangely enough, ha* found .-.u anU m admirer ,n 
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urly (so marked an effect in dimming the lustre 
tars. For it must not be forgotten that they 
idy by reflecting the sun’s light, and that he 
ttes them but faintly in comparison with the 
; pours upon our own moon. In effect, sup- 
their reflective capacities equal to the moon’s, 
ist appear less brilliant than she does, in the 
'on of about one to 1 wenty-five; and, combining 
ult with the above relation, if follows that even 
could all be ‘ full ’ together, they could send to 
ians but about one-sixteenth part of the light 
ive from the full moon. But, as a matter of 
ey cannot all be full together. The motions of 
ler three are so related that, though there is 
f to prevent them from being all visible toge- 
et when so visible, one only can be full. The 
may be full at the same time, or in fact may 
dated with the other three in any way, since its 
3 are not bound up with theirs as theirs are 

n now, however, we have not reached a full 
,e of the extent of the mistake which those 
mers have made who speak of the splendour 
rhich the satellites of Jupiter illuminate his 
When at that part of their orbits where they 
otherwise be full, the three inner moons are 
ur.li'r.cfKl • nnfl then orb the fourth, hv reason of 
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its great distance, 1 sometimes escapes eclipse, yet more 
frequently it is obscured like the others. The two 

aud as they occupy but a few hours in completing 

largely this relation detracts from their light-supplying 
powers. 

We see, then, that those writers have been mis- 
\ taken who allege that the groat distance of Jupiter 
] from the sun is compensated by the cumber of his 

J him. So Sir ia this from being the case that, under 

during the Jovian night but about one-twentieth part 
of the light with which the, full moon illuminates our 
nocturnal skies. The poetical descriptions which ima¬ 
ginative writers have indulged in, respecting the splen¬ 
dour of the scene presented by these satellites, will not 

.satellite-system of Jupiter subserves, or may hereafter 
subserve, important functions need not be questioned; 
but that we can recognise them as created for any 
special purpose may be assuredly denied. 

Perhaps, if one were able to discuss with advantage 
the special purposed which this or that portion of the 
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xse is intended to subserve, it might be argued 
the outer planets have greater need of moons 
the inner, because, their year being longer, there 
eater occasion for objects whose motions shall 
as measures of time. The satellites of Jupiter 
y, by their separate motions, convenient measures 
3 shorter time intervals ; while, by their succes- 
conjunctions, (i.) in pairs, (ii.) the three inner 
her, and (iii.) the outer with pairs of the inner, 
afford convenient measures of longer intervals, 
ut let us turn from vague guesses such as these 
3 consideration of those facts which are actually 
nted to our notice. 

ecognising the existence of varied climatic rela¬ 
in different parts of Jupiter, we have now to 
ler the climate of the planet generally, to eon- 
late the position of this great orb in the solar 
n, and to determine how far its great distance 
the sun may be compensated by other relations, 
here can be no doubt that the amount of heat 
d by the sun on any portion of Jupiter’s surface 
1 perpendicularly with respect to the heat-rays, 
be very much less than the amount received 
i equal portion of our earth’s surface similarly 
,ed. The direct heating effects of the sun must 
it, as already stated, be less on Jupiter than on 
>wn earth, in the DroDortion of about one to 
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iency of heat. If we can demonstrate in any way 
it the mean temperature of the Jovian atmosphere 
equal to that of our own air, or even greater, yet the 
Terence of the sun’s direct heat involves a variety of 
nsequences which we cannot disregard. 

We know, for instance, that it is principally the 
reet heat of the sun that causes the evaporation 
water from the surface of oceans, seas, lakes, and 
■ers, and therefore all the important consequences 
lich flow from the presence of aqueous vapour in 
ge quantities in the earth’s atmosphere. We can 
nceive the existence of vapours in the air which 
ght keep away from the earth’s surface the greater 
rtion of the sun’s heat, and yet, preventing the 
jape of the remainder by radiation into space, 
ght leave the general warmth of the air around us 
great as it is at present. But it cannot be doubted 
it such an arrangement would injuriously affect the 
iole economy of evaporation and its consequences, 
ods, rains, clouds, mist, with their consequences, so 
portant to terrestrial races. 

And in like manner other effects accruing from the 
■ect action of the solar rays might be considered. 

It follows, then, that it is by no means sufficient to 
aw how the heat which falls upon Jupiter may be 
>red up, through the action of some component of 
; atmosphere in preventing its radiation into space, 
is, indeed, of the utmost importance to know that 
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solate as some writers have imagined. In the 
lg passage, Professor Tyndall has exhibited the 
by which this result may be brought about, 
i inhabitants of the noblest planet in the solar 
placed somewhat higher in the scale of crea- 
m Whewell surmised. ‘In these calculations,’ 
arked, referring to Whewell’s estimate of the 
eating power on Jupiter and the other exterior 
, ‘ the influence of an atmospheric envelope was 
ted, and this omission vitiated the entire argu- 
It is perfectly possible to find an atmosphere 
1‘ould act the part of a barb to the solar rays, 
ing their entrance towards the planet, but pre- 
their withdrawal. For example, a layer of 
inches in thickness, and saturated with the 
of sulphuric ether, would offer very little re- 
to the passage of the ether rays, but I find 
would cut off fully thirty-five per cent, of the 
•y radiation. It would require no inordinate 
ing of the layer of vapour to double this ab- 
i; and it is perfectly evident that with a pro¬ 
envelope of this kind, permitting the heat to 
>ut preventing its escape, a comfortable tem- 
e might be obtained on the surface of our 
istant planet.’ The difference between such 
ngement as this and the way in which the 
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, or greater than the density of water by about 
rd. It is worthy of remark, in fact, that his 
is almost exactly the same as the sun’s, and 
■rably greater than that of the other three outer 
: hitherto discovered. 

ve were quite certain that the disc measured by 
ibits the real outline of the planet, or that his 
here is not of abnormal extent, and that his 
is solid throughout, it would follow that the 
ices composing Jupiter are either altogether 
it from those forming our earth, or that they 
oabined in very different proportions. On the 
int we. can form no opinion. On the first we 
e guided by the appearance of the planet, 
is we are led to the second of the three relations 
tentioned—the appearance of well-marked but 
e belts on the planets, and of other indications 
ig the existence of an atmosphere of great 

3 belts of Jupiter are commonly arranged with a 
symmetry on either side of the great equatorial 
belt, but sometimes there is a rather marked 
it between the northern and southern halves 
planet. In colour the dark belts are usually— 
seen with suitable telescopic power 1 —of a cop- 

iat is required is not so much a high light-gathering as a 
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ry, ruddy, or even purplish tint, while the inter- 
idiate light hands vary from a pearly white in the 
latorial belt, through yellowish-white in the middle 
itudes of both hemispheres, to a greyish or even 
u'sh tint at the poles. The picture of Jupiter which 
ms the frontispiece, while exhibiting many of the 
.tures usually seen, is intended specially to illustrate 
ations presently to he dealt with. 

There is every reason to believe that these belts 
licate the existence of a very extensive vapour-laden 
nosphere. The dark belts must not be considered as 
3 true cloud-belts, because it must be remembered 
it we look upon the reverse side of. the skyscape 
jsented during the day to the Jovians: so that-where 
iy see densely compacted dark clouds, we see the 
ht which those clouds have intercepted; and, on the 
ler hand, where they see clear spaces, the light 
iich reaches them is not reflected to us without a' 
rsiderable loss of brilliancy. Thus the dark belts of 
piter are those regions where—if at all—we see the 
le surface of the planet. 

Now, viewing the belts in this light, have we any 
;ans of judging from their aspect what is t Ire extent 
the planet’s atmosphere? So far as I know, the 
estion has never been considered, but it is well 
rthy of careful study. 

It seems clear, in the first place, that if the bright 
Its really are cloud-belts, and the dark belts the surface 
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? planet, flier) on the edge of the planet's disc we 
. to see some irregularity of level—the cloud-belts 
ling slightly beyond the real outline of the planet 
lit; atmosphere have that enormous extent which 
astronomers have supposed. Whether such an 
ranee has over been looked for I do not know, 
has certainly never yet been detected, 
e are led to conclude, then, that either the atmo- 
e of Jupiter is not sufficiently extensive to inter- 
ppreciably with our measurement of the planet’s 
or else the dark belts belong hut to a lower cloud- 
riot to the planet's real surface, 
e have further evidence on this point in the ap¬ 
ace of dark spots on the dusky belts. These spots 
jver been described as black, though surely their 
ring of that hue must be ascribed to the effect of 
ist. Now these dark spots, which have been seen 
issini, Miidler, Schwabe, and others, may be re- 
d as the real surface of the planet (unless they 
r to a yet deeper cloud-layer), seen for a while 
gh openings in the cloud-bed to which the dusky 
belong. The reader will not fail to notice here 
resemblance to what has been already mentioned 
;ting the sun-spots: and when we come to the 
and most, striking of the associated features I am 
lealing with, it will be seen that there may be 
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the extent and constitution of the Jovian atmosphere, it 
is not very easy to determine. That they are dense 
clouds, hanging suspended above the dusky cloud-layer, 
must be admitted as highly probable, but it is open to 



elevation above a layer of cumulus clouds, or whether 
they indicate the action of volcanoes beneath the dusky 

the superincumbent cloud-beds. 

‘ The third point on which I have to dwell is the 
variability of the belt-system, under which head 1 
include not only variations in shape and extent, bnt 
those much more significant changes of colour which 
have been recently discovered. 

So far as is yet known, there is no recognisable law 
iu the changes of shape exhibited by the belts of Jupiter 
—no periodicity or intelligible sequence. It may be 
suggested, in passing, that a systematic and persistent 
scrutiny of the planet might lead to the discovery 
of laws of this sort, which could not fail to indicate 
physical conclusions of the utmost importance. Nay. 
further, since we cannot doubt that the condition of the 
real surface of Jujuter is in some sort- reflected, so to 
speak, in the aspect of his cloud-envelopes, it seems 
from unlikely that a scrutiny of this sort might 
toll us where his oceans and continents, where his 
deserts, lakes, or rivers, are situated, even though no 
direct evidence of their existence might, ever reward 
the observer. In these days, however, nine-tenths of 
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i who arc fortunate enough to possess fine tele- 
js prefer either to leave them idle, or to employ 
• powers in making observations, at great pains and 
lr, which are not worth the paper on which they 
ecorded. The few original observers we have are 
tasked by the multitude of questions of interest 
cnted to their consideration ; so that many subjects 
iquiry must perforce wait, either till their turn 
es, or till those who have the means of studying 
i choose to turn their thoughts from the sterile sub- 
! they are now engaged upon. 

3 o far, then, as inquiries have as yet been pushed, 
hat can be asserted on the subject we are eonsider- 
is, that the planet’s belts vary greatly in form, ex- 
, and general appearance. At one time the dusky 
5 cover a large proportion of the planet’s disc, at 
her they are singularly narrow. Now they are very 
tlarly disposed, now they seem in some way under 
action of disturbing forces of great intensity, 
ing them to assume the most irregular figure. The 
mpanying picture of the planet (fig. 1 ), as seen by 
Browning with one of his own reflectors, indicates 
ippearance not uncommonly seen, a dark streak 
nding obliquely across the planet’s equatorial re- 
s. The number of belts is singularly variable, 
etimes only one has been seen, at others there 
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completely, while a third had almost disappeared in the 
same short interval of time. 

The storm-tossed aspect of the planet is well shown 
in the characteristic drawing by Mr. De la Bue, which 
forms the frontispiece. 


But if we seem to recognise here the action of forces 
much more intense than those which influence the con- 



Fig. 1. The Planet Jupiter (Browning). 


•ditions of the earth’s atmosphere, we have still more 
striking evidence to the same purpose in the changes 
fof colour which have recently been detected in the 
great equatorial belt. This belt is usually of a pearly 
white tint, and has long been recognised as one of the 
most constant features of the planet’s aspect. As the 
mean surface of this belt cannot be less than a fifth of 
the whole surface of the planet, it is clear that any 
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;es which may take place in its general aspect 
it but be of the utmost significance. Now, during 
iiturnn of 1869 and the spring of 1870, this belt 
more strongly coloured than any part of the 
t. Mr. Browning, observing Jupiter in the earlier 
)f the above-named interval, found the equatorial 
of a greenish-yellow colour, which deepened in 
ler 1869 to a full ochreish yellow, and in January 
had assumed an even darker tint, resembling 
v ochre. On one occasion, and on one only, he 
ted this tint in the first bright belt north of the 
or. While thus exhibiting strongly marked and 
;ing colours, the equatorial belt had lost its right 
called, par excellence , the bright belt of the 
t, being considerably inferior in brilliancy to the 
w bright belts north and south of it. 
ther observers have also seen these colours. Mr. 
, with a 6-inch Browning-With reflector, and Mr. 
ley, with an 8^-inch telescope of the same con- 
ion, have witnessed most of the changes of colour 
described; and I myself, using Mr. Browning’s 
nch telescope, found the greenish-yellow tint of 
iquatorial belt in the autumn of 1869 altogether 
stakable. 

l the phenomena here described we have a problem 
? interpretation is far from easy. Changes in the 
i, disposition, and extent of the dark belts £f~a 
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r hand, we assume that a portion of the light ordi-* 
y received from the bright belt is inherent—that 
hat the planet is, to some extent, self-luminous, 
there remains the difficulty of explaining by what 
eivable processes the equatorial regions are filled 
a yellow light, so full and bright as to reach our 
i from beyond four hundred millions of miles. 

3ut I have spoken of the three relations last con¬ 
ed—the small density of Jupiter, his extensive 
>sphere, and the changes which take place in the 
e and colour of his belts—as associated phenomena, 
emains that I should endeavour to justify this 
sment. 

N'e know that Whewell, reasoning from the low 
ific gravity of Jupiter, was led to the conclusion 
either the substance of the planet is wholly watery 
se a few cinders in the centre of Jupiter’s globe 
titute the only solid portion of his substance. It 
hardly be said that the whole progress of modern 
momy is opposed to this view. We have seen 
in the sun the same elements exist as in the earth ; 
n Mars, the only planet whose nature we have been 
to examine satisfactorily, we find evidence of the 
ence of the same forms of matter that we see 
nd us. It cannot but be held as highly impro- 
»that the earth is the only member of the planetary 
>m whose substance thus closely resembles that & 
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re really to learn from these circumstances, is that 
iroughout the solar system a general similarity of 
institution exists, the sun being, so to speak, the 
jrpe of the family over which he rules. Differences 
f condition we are compelled to recognise, since the 
an itself, though constituted of the same elements as 
ae earth, is in so different a state, and has a mean 
ensity relatively so small; but we have no evidence 
istifying us in believing that any important differences 
f constitution exist throughout the solar system. 

. Thus we are led to regard the singularly small 
ensity of Jupiter, and of the other planets outside the 
rbits of the asteroids, as due rather to some peculiarity 
1 the condition of these orbs than to any such pec cl¬ 
arity of structure as Whewell insisted on. It will 
e seen at once that Jupiter’s extensive atmospheric 
avelope,and the strange changes in the aspect of his 
elts, are circumstances which tend strikingly to confirm 
)is impression. Let. it be remembered that, suppling 
upiter’s globe even to be wholly covered wif b water, 
et a sun twenty-five times further off than ours muld 
ot by any possibility load the planet's atmosphere 
ith the enormous masses of vapour actually present 
1 it. Let it be remembered, furtln-r, f hat the relatnely 
uggish action of the sun upon Jupiter could not by 
ay possibility give rise to atmospheric disturbances so 
•einendous as those which are indicated by the rapid 
aanges of figure of his cloud-bands. 1 When to this 
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i the relative minuteness of the seasonal changes 
piler, we see at once that unless some other 
than solar action were at work, Jupiter’s at- 
iere ought to be very much calmer than the 

iere is yet another circumstance in the condition 
iter’s belts which opposes itself in a very striking 
ght even say altogether convincing) manner 
t the belief that the belts of Jupiter are raised 
i sun’s action. The tropical cloud-zone of the 
not only varies in position with the seasons— 
g considerably to the north of the equator in 
er, and considerably to the south in winter, but 
in truth a region of midday cloudiness, not of 
d cloudiness. As respects the former relation 
1 learn little from Jupiter’s aspect, because his 
dion is so small that the annual sway of his 
irial zone would be exceedingly small also, and 
well remain undetected. But as the belts of 
1 must be regarded as well as those of Jupiter in 
ig an opinion on the subject we are upon, and as 
ief bright belt of Saturn, despite the considerable 

ar to our own), yet atmospheric disturbances (due chiefly, 
now, to these two forms, of action) could not possibly be so 
even as on our own earth, since corresponding latitudes on 
(that is, regions where corresponding effects would be 
iced) are separated by distances so very much greater. It 
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inclination of the planet's equator, remains throughout 
the year persistently equatorial, we may conclude that 


yet t! 
follow 
of the 



twenty-nine terrestrial years, seems unreasonable in 


that the most direct argument is derived in the case of 
Jupiter. In the latitude of the terrestrial cloud- 
the sun rises in a clear sky ; shortly before noon 

der continue until the afternoon is well advanced, 
whioh the clouds pass away and the sun sets—as he 

tainly that nothing of this sort happens in the case of 
Jupiter; for we gee his equatorial bright belt stretching 
right athwart his disc ;—that is, not only covering the 
centre of the disc, where it is noon on the planet, but 
extending to the edge on either side, or to places where 
the sun is rising and setting. There seems no escape 


. from the conclusion that the belt is wholly different in 
;= character from our terrestrial cloud-belt—that, in fact, 


it is not sun-raised at all. 


tolerable dearness to the conclusion that, within the 


| r s-1 
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ent from any taking place on our own earth. That 
ious atmospheric envelope is loaded with vapor- 
nasses by some influence exerted from beneath 
vel. Those disturbances which take place so 
antly and so rapidly are signs of the action 
irces enormously exceeding those which the 
;an by any possibility exert upon so distant a 
And if analogy is to be our guide, and we 
o judge of the condition of Jupiter according 
at we know or guess of the past condition of the 
and the present condition of the sun, we seem 
> the conclusion that Jupiter is still a glowing 
fluid probably throughout, still bubbling and 
ing with the intensity of the primaeval fires, 
ng up continually enormous masses of cloud to 
thered into bands under the influence of the swift 
on of the giant planet. No otherwise, as it 
3 to me, can one explain the intense vitality, if I 
ise the expression, of a planet circumstanced as 
er is. No otherwise can one understand whence 
tmosphere is loaded with vapour-masses .whose 
nts must exceed, on a moderate computation, all 
ceans on the surface of this earth. When we see 
fs so enormous swayed by influences of such 
;y that intermediate belts thousands of miles in 
i are closed up in a single hour, 1 when we recog- 
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e the tremendous character of the motions which 
m beyond four hundred millions of miles are dis- 
ctly cognisable by our telescopes, we see that we 
re no ordinary phenomena to deal with, and that the 
sory we adopt for their explanation cannot be other- 
se than striking and surprising. 

If the view which I have here put forward—or 
her, the view to which I have been led by a careful 
isideration of the phenomena which Jupiter presents 
our contemplation—be indeed correct, we must of 
use dismiss the idea that the giant planet is at pre- 
it a fit abode for living creatures. Yet need we not 
n from his system with the thought that here at least 
: hopes of recognising other worlds have been dis¬ 
jointed. If Jupiter be still in a sense a sun, not in- 
3 d resplendent like the great centre of the planetary 
leme, but still a source of heat, is there not excellent 
son for believing that the system which circles around 
n consists of four worlds where life—even such forms 
life as we are familiar with—may still exist. ? Those 
ir orbs, which our telescopes reveal to us as tiny 
nts of light, are in reality globes which may be 
npared with the four worlds that circle nearest to 
> sun. I have shown that they cannot subserve the 
rpose which many astronomers have ascribed to them, 
compensating Jupiter for the small amount of 
ht he receives, even if they could be seen from any 
nt of his cloud-encompassed surface. So that, even 
ratiner the commonplace and superficial view that the 
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we have been able to ask (without any obvious 
r) what other purpose it can subserve, we still 
:1 to the belief that the satellites of Jupiter must 
i abode of life, since on this view, and on this 
mly, we find a raison d’etre both for the planet 
>r the system which circles round him. 
lere are no considerations which appear directly 
ed to the view that Jupiter is in a sense a 
It need hardly be said that I do not regard 
is being in the same condition as the central 
ary of the planetary system. If he is an incan- 
:it body, the greater part of his light is veiled 
e cloud-envelopes which surround him. The 
clouds are, as we know, themselves luminous ; 
of Jupiter are not so—a circumstance which 
ites that the heat of Jupiter is not sufficient 
porise those substances which are incandescent 
in the liquid state. The outer layer of clouds 
therefore, be regarded as for the most part 
us. We see there, in fact, the future oceans of 
sr, if the hypothesis I am now dealing with be 
it. 

nat Jupiter may supply an immense amount of 
to his satellites (on this view of his condition) is 
itly clear, since the amount of light he emits is 
[equate measure of the amount of obscure heat 


ild, and his apparent size, therefore, 
more than sixty-fold. From the 



some such hypothesis as I have dealt with above, we 
must recognise a marked difference between tlie rela¬ 


tive light-reflecting capacities of the two largest planets 
of the system, and those of Mars or the moon. In 
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rom other researches of Dr. Zollner’s, it follows 
‘ Jupiter does not shine in part by native light, his 
s must possess reflective powers nearly equal to 
of white paper. Now this would scarcely be 
le, even though under the telescope the planet’s 
e were found to be uniformly white; but as we 
large proportion of it to be of a dull coppery 
ve seem forced to admit that it cannot really 
m average reflective power nearly so great as 
:alculated by Zollner. It follows, as at least 
' probable, that Jupiter shines in part by his 
ight; and this being admitted, we cannot but 
: it as highly probable that the real globe of the 
must be intensely hot. 

may seem, at first sight, that the apparent black- 
f the satellites’ shadows, as seen on the disc of 
t, is wholly opposed to the view that any portion 
light is native. But as a matter of fact there 
‘orce at all in this consideration, or rather, whafc- 
eight we may attach to the observed appearance 
t satellites’ shadows is in favour of the strange 
here put forward. For it has been a subject of 
r among the most experienced observers, that a 
te in transit will occasionally appear as dark ae- 
idow, both seeming black. The blackness, then, 

’ apparent, and an effect of contrast. In reality, 
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id of more difficult. A change in Jupiter’s cloud- 
atmosphere, corresponding to that which I shall 
ntly have to exhibit as explaining Saturn’s oc- 
lal assumption of the square-shouldered aspect, 
bviously account for the phenomenon. It is well' 
n that the acute observer Scbroter occasionally 
cted an apparent flattening of portions of Jupiter’s 
le, but the suspicion had been regarded as 
eous. We find, however, in the observation now 
estion, effective confirmation of that long-doubted 
vation of Schroter’s. If we consider the matter 
iy, this observation, made simultaneously by 
h, Maclear, and Pearson, renders that view all 
ertain which hitherto I have presented only as a 
y probable hypothesis. 

lthough I have already far exceeded the limits I 
Droposed to myself for the consideration of this 
planet, it is with regret that I take leave of him 
ss onward to the outermost bounds of the solar 
oa. I would fain dwell even longer than I have 
subject of contemplation at once so interesting 
o instructive. Jupiter, the centre of a noble sys- 
>f worlds, or Jupiter, himself a world inhabited by 
s as high perhaps in the scale of creation as he 
ilf is in the scheme of the planets, is alike a 
iy subject of study. The more one dwells on the 
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^er feature is revealed beneath his scrutiny, may 
isregard the grand lesson which the heavens are 
.ways teaching. But the astronomer, imbued with 
le sense of beauty and perfection which each fresh 
our of world-study instils more deeply into his soul, 
sads a nobler lesson in the skies. The music which 
?aches his ears may be fitful, but it is not ‘ as sweet 
ells jangled out of tune and harsh ’; he may not 
taster its full meaning, though every note thrill 
jrough his inmost soul ; but even when its sounds are 
:ast distinct, they are full of mystical solemnity. In 
ne, the true astronomer may say with the PytLago, 
-an, though in another sense,— 

There’s not one orb which thou behold'st 
Eut in his motion like an angel sings. 

Still quiring to the young-eyed cherubim ; 

But while this muddy vesture of decay 
Doth grossly close us in, we cannot hear jjt 
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CHAPTER VI. 

SATURN, THE RINGED WORLD. 

piter by his commanding proportions affords a 
e argument against the view that our tiny earth 
only real world in the solar system, Saturn sup- 
,n argument of scarcely inferior strength in the 
irly complex character of the scheme of which 
he centre. No one can contemplate this glorious 
, as shown by a telescope of adequate power, 
t being impressed by the conviction that he is 
y at -a world altogether more important in the 
3 of creation than the globe on which we live. 
ier he recognises in the present condition of the 
the result of the action of laws which have for 
iriods reigned through the universe, or whether 
fers the view that Saturn and his system are seen 
3 they were fashioned at the beginning by an 
tity creative hand, he is alike amazed at the 
:xity of structure exhibited in the scene on which 



OTHER WORLDS THAN OURS. 


y resemble in character those of the planet Mara, 
equpies about 29£ years in circling once round 
m ; this, therefore, is the length of the Saturnian 
His distance from the sun is nearly twice that 
liter, and nearly ten times that of the earth ; so 
he amount of light and heat which any portion of 
irfaee receives from the sun is about -Jj- part of 
•eceived by a similar portion of the earth’s surface, 
irbit being somewhat eccentric, however, there 
ansiderable variation in this respect during the 
3 of a Saturnian year, insomuch that when he is 
st to the sun he receives more light than when in 
ion, in the proportion of about 5 to 4. 

'ost of the relations which have to be considered 
seussing the habitability of Saturn have been 
ly dealt with (under very similar conditions) in 
ng of other planets; so that I propose to touch 
lem very lightly, in order to come more quickly 
ose circumstances which distinguish Saturn spe- 
among the other members of the solar system, 
ravity at his equator is almost exactly equal to 
ty at the earth’s surface. Near the poles there 
narked increase in the action of Saturnian gravity, 
rnch that a body weighing 10 pounds at his equa- 
ould weigh about 12 pounds at either pole. There 
;hing, however, in this peculiarity which need be 
dlv dwelt unon. 
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been considered in the case of Jupiter. We may con- 

quite sufficient to render Saturn wholly uninhabitable 
by such creatures as exist upon the earth; but there 

relations alone are concerned) the planet may not be 
the abode of living beings as high in the scale of 

Thus viewing Saturn, wc cannot regard even the 
exceptional effects produced by his ring-system as of 


themselves sufficient to banish life from his Burf'ace. 
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rschel, Dr. Lardner, in his desire to show that no 
h relation existed, was led into real mistakes such 
a sounder mathematician would not have made, 
examined the relations presented by the ring in 
Mtt.si-mathematical but inexact manner, and came' 
the following conclusion—‘that by the apparent 
tions of the heavens produced by the diurnal rota- 
1 of Saturn, the celestial objects, including the sun 
l the eight satellites, are not carried parallel to the 
;es of the rings; that they are moved so as to pass 
srnately from side to side of these edges; that, in 
leral, such objects as pass under the rings are only 
ulted by them for short intervals before and 
:r their meridional culmination; that although, 
ler some rare and exceptional circumstances and 
ditions, certain objects—the sun being among the 
nber—are occulted from rising to setting, the en- 
ance of these phenomena is not such as has been 
posed, and the places of their occurrence are far 
re limited.’ All these statements are more or less 
irrect, and most of them are the direct reverse of 
truth. The seven inner satellites of Saturn stand 
in altogether different relation with respect to the 
js from all other celestial objects, since they travel 
die same plane and in circles concentric with the 
lines of the rings: they can no more be occulted 
the rine-s. therefore, than an outer riner can be 
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ire common case (considering the whole planet) is 
■ the sun to be eclipsed (if at all) throughout the 
lole of the Saturnian day; and a very common case, 
t altogether unnoticed by Dr. Lardner, is that the 
n is occulted in the forenoon and afternoon, but free 
>m eclipse in the middle of the day. Nor is it true 
at the places where the sun can be totally eclipsed 
rough out the day are limited to a relatively small 
rtion of the planet, since every part of the planet 
tence the rings are visible at all has the sun eclipsed 
'.the rings throughout the whole day for a longer or 
orter succession of rotations. In the remaining or 
far regions of the planet the sun is altogether absent 
r long intervals of time, for the same reason that, he 
absent from the skies of our polar regions during o 
mparatively short interval. As for the endurance, 
the total diurnal eclipses, it is onlv nee t v to 
mark that in the Saturnian latitude cone p r rut „ to 
at of London or Paris the sun is totrulv ec-upsca for 
ore than five years in succession, while m trie rati- 
de corresponding to that of Madrid he is totally 
lipsed for nearly seven years in succession. This 
ffices to show that an arrangement which the in- 
.bitants of earth would find wholly unendurable piv- 
ils over a very large proportion of Saturn's surface . 1 

1 The views here expu-ssed as to the efit-ys of the Ss'mr.ai. 
gs are founded on exact, mathematical calculation, of widt h ..he 
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t if we consider the matter rightly, we shall see j 
iis, after all, need not surprise us, since there io ; 
y in the enormous distance of Saturn from the 
ic amplest reason for believing that he cannot ' 
abited by such creatures as exist upon the earth,* 

1 vain that by conceiving him to be surrounded ; 
dense atmosphere we assign to him a mean ‘ 

e as warm as that of the earth. The want of j 

solar heat still remains, and must be regarded j 
atal objection to the habitability of Saturn by S 
-esembling those with which we are familiar, 
the case of Saturn as in the case of Jupiter, the 
ion of satellites and of the rings which form ; 
rious an object to the astronomer on earth is 
ther inadequate to increase the supply of light 
id by the Satumians to any such extent as has 
imagined. Those well-meaning persons who 
on their own interpretation of Deity’s designs 
igularly successful in overlooking very obvious 
Lties. If the design of the rings, for instance, 
were to compensate the Saturnians for the small 
it of light which they receive from the sun, it 
surely follow that there was a want of wisdom 
selection of an arrangement by which more light 
t away from Saturn than the rings can possibly 
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o our moon’s. We seem forced to the conclusion 
he satellites were not intended to subserve any such 
n as has been imagined. Here, as in many other 
, the scheme of creation is not so obvious tc 
n reasoning as some have complacently supposed.' 
ut we have now to consider peculiarities which 
;st that Saturn’s globe has not yet reached a con- 
1 fitting it to be the abode of living creatures. 

; peculiarities resemble in great part those which 
been already noticed in the case of Jupiter, but 
ain most remarkable phenomenon belongs to the 
i planet alone. 

Lie belts of Saturn resemble those of Jupiter in 
general shape (see the accompanying Plate) and 
n their colour. The dark belts near the equator 
' a faint brown or ruddy tinge, those near the pole 
i or greenish grey, while the bright belts are 
rish—the equatorial belt being the brightest of 
id almost white. The poles are commonly dusky, 
ven sombre in hue. 

le belts change in aspect much as those of Jupiter 
been observed to do; and whether we regard the 
e as due to the bodily transference of the belts of 
or to the precipitation of their material in the 
of rain (while, elsewhere, invisible vapours are 
nsed into clouds), we are compelled to recognise 
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ually received by the planet than is observed in 
case of Mars or the moon, and so nearly ap¬ 
aches the proportion noticed in the case of Jupiter 
A) lead to the same inference—namely, that a portion 
Saturn’s light is emitted from the body of the 
net. 

In these respects, and also in the small density of the 
net, we seem to recognise evidence which points to 
•urn as probably a heat-sun (if not to any very note- 
:thy extent a light-sun) to the satellites which circle 
und him, and not himself the abode of living crea- 
es. Without dwelling further on evidence already 
ly considered in the case of Jupiter, I turn to one 
the most striking facts in the whole range of obser- 
ional astronomy, as supplying at once new evidence 
pecting the condition of Saturn, and strengthening 
evidence adduced respecting Jupiter. 

If it can be shown that Saturn’s globe is subject to 
,nges of figure perceptible even across the enormous 
1 which separates him from the earth, it will at once 
admitted that he can hardly be regarded ns a globe 
veniently habitable. Now I have very little hesi- 
ion in saying that evidence of the most conclusive 
d exists in favour of this strange mobility oi figure, 
svill presently be seen that it is with the ob;-.r\a- 
1* of no mere amateur astronomer.-’ that I have to 
1 in endeavouring to establish as a fact that which 
; commonlv been snoken of as an illusion—the 
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i was in April 1805 that Sir William Hersehel 
3 alled attention to this peculiarity. The planet, ' 
1 had always presented to him an elliptical figure, 
iited a strangely distorted aspect. A well-marked ? 
ning at the equator, accompanied by an equally 
narked flattening at the poles, gave the planet’s . 

an oblong figure (with rounded angles), the 
st diameters having their extremities in Saturnian 
de 48° 20'—so exactly was the great astronomer 
x> indicate the nature of the deformity, owing to 
fll-marked character. 

r hat view shall we form respecting an observation 
remarkable a nature? Was the peculiarity j 
to telescopic distortion? Hersehel observed it 
several instruments, some seven, some ten, one 
.y, and one forty feet in length. Was the phe- v ; 
uon due to atmospheric disturbances ? Such dis- 
nces could not account for a persistent impression, 
re r well they might explain the momentary as- 
tion of the square-shouldered aspect by the ringed 
t. Besides, Jupiter presented no such appear- 
Was the appearance an optical illusion, due to i 
jsition of the ring—then slightly open? If so, 
lanet should always exhibit the square-shouldered 
; when his rings are open to that particular ex- 
and this is not the case. Besides, we oueht to 


SATURN, THE RINGED WORLD. 


151 

;remendous a nature as to upheave whole zones of his 
lurface five or six hundred miles above their ordinary 
evel? Truly the conclusion is one to be avoided, if 
ve can by any possibility find a less startling explana- 
ion of the matter. 

Yet where are we to look for such an explanation ? 
Yas Sir William Herschel simply deceived? I have 
ilready considered the general question of illusion, but 
he reader might entertain the explanation as con- 
:eivable that Herschel had for a while lost the 
fccumen which distinguished him—that illness, for ex- 
imple, might have rendered his observations inexact, 
lut we have abundant evidence that the great astro- 
lomer was in the full possession of all bis wonderful 
)owers as an observer during the month of April 
1805 ; we know further that, by careful measurements, 
le rigidly excluded all possibility of illusion affecting 
ns judgment. 

It would be more satisfactory, doubtless, to the 
eader, however, to learn that other observers bad 
loticed similar peculiarities, or peculiarities which, if 
lot similar, were at least such as to prepare us to 
lonsider the globe of Saturn liable to remarkable 
shanges of figure. Fortunately many such observa- 
ions have been recorded. I take the following from 
>ne of a lengthy series of papers oil Saturn by Mr. 
Yebh, in the ‘ Intellectual Observer'for lstiti. 

On August 5, 1803, Sclirbter found Saturn not per- 
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^ure described by Sir William HerscheL, and 
vith two different achromatics. At this time 
lg must have appeared too narrow to account for 
>pearance as due to illusion. On one occasion 
eorge Airy had a similar view of Saturn. * 
marks, also, that a person unacquainted with 
iel’s observation remarked spontaneously on the 
ed equator of the planet. On another occasion, 
Airy noticed the exact reverse, the planet seeming 
ed, instead of upheaved, in latitude 45°. In 
ry 1855, Coolidge, using the splendid refractor 
Cambridge (U.S.) Observatory, noticed that the 
st diameter of the globe seemed inclined about 
i the equatorial diameter; but on the 9th the 
>rial diameter seemed the greatest; while on 
iber 6 he says: ‘I cannot persuade myself that 
a optical illusion which makes the maximum dia- 
of the ball intersect the limb half-way between 
irthern edge of the equatorial belt and the inner 
of the inner bright ring.’ All this time the 
were nearly at their greatest opening, so that 
[usion should have been of an opposite character 
t observed when the rings were nearly closed, 
e report of the Greenwich Observatory for 
61 it is stated that ‘Saturn has sometimes ap- 
l to exhibit the square-shouldered aspect.’ The 
nt observers Bond, father and son. have noticed 
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1848, when the ring was turned edgewise towards 
On the other hand, the same observers noticed 
it in 1855-57, when the ring was most widely 
:ned, the polar region did not always seem projected 
thest on the outer ring in a symmetrical manner, 
t four times on the left of the pole, once on the 
ht, and once only exactly opposite the pole. ‘ The 
dine of this region, also, occasionally appeared irre- 
Larly flattened and distorted,’ an appearance not 
isfaetorily explained by the juxtaposition of the 
:k shadow of the planet on the ring. 

Now there can be no doubt whatever that the 
.net Saturn is not ordinarily distorted. In 18S2, 
ring the disappearance of the ring, Bessel carefully 
:ermined the figure of the planet’s disc, and Main 
1848 (when the ring was again turned edgewise 
vards us) madp similar measurements. Each of 
jse trustworthy authorities came to the conclusion 
it the disc of Saturn did not, at the seasons when 
jy respectively measured it, exhibit any distortion 
figure such as Herschel had described. 

We seem almost compelled, therefore, to accept the 
iclusion that the planet Saturn is subject to the 
luence of forces which either upheave portions of its 
rface from time to time, or cause vast masses of 
ud to rise to an enormous height above, the me.n 
r el of Saturn’s cloud-envelope. Whichever view we 
opt, we cannot fail to recognise the fact that an in- 
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must emit a brilliant light, though the cloud- 
surrounding him may prevent us from recog- 
more than a minute proportion of his luminosity, 
t, according to this view, Saturn and Jupiter, 
i the sun, whose real substance emits a less intense 
than the cloud photosphere surrounding him, 
have nuclei—solid or liquid—shining with an 
ther more brilliant light than the cloud-envelopes 
se planets seem actually to emit, 
hy Saturn, rather than - Jupiter, should exhibit 
ime to time these mysterious changes of figure 
dily explicable when we remember that the 
in which the Jovian satellites move nearly coin- 
svith the orbital plane of their primary. There 
ilways results a close agreement between the 
)n which the satellites exert their greatest dis- 
g influences and that most influenced by the 
iction. No such coincidence exists‘in the case 
.urn, whose satellites travel in a plane inclined 
30 degrees to that in which their primary 
s. We have seen, however, that evidence is not 
lg to prove that Jupiter is really liable to occa- 
changes of figure, though not to such an extent 
hange the general aspect of the planet, 
hink the evidence in the case of Saturn favours, 
t as strongly as that which has been adduced in 
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CHAPTER VII. 

IiANUS AND NEPTUNE, THE ARCTIC PLANETS. 

cumstance which is of great importance in 
Bring the relations of the outer planets is apt to 
sight of, owing to the unsatisfactory manner in 
in nearly all hooks on astronomy the planetary 
are represented. To look at the series of equi- 
; and concentric circles representing the orbits 
planets, who would suppose that in passing 
tie orbit of Jupiter to that of Saturn a distance 
mes as great as that which separates our earth 
he sun has to be traversed ? But the distance 
dng Uranus from Saturn is twice as great even 
■tremendous gap, while Neptune travels as far 
l Uranus as Uranus beyond Saturn. Nine 
id millions of miles in width is the enormous 
l which the path of Uranus is separated from 
' the ringed planet on the inner side, and from 
: distant Neptune on the outer; so that a line 
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We know so little of the physical aspect of Uranus 
and Neptune that it is extremely difficult to form any 
opinion as to their condition. The two planets re¬ 
semble each other in size, each being far smaller than 
Either of the giant orbs we have lately been con¬ 
sidering. Uranus has a diameter of about 33,250 
miles; Neptune is somewhat larger, his diameter 
having been estimated at 37,250 miles. The volume 
of Uranus is 74, the volume of Neptune 105 times that 
of the earth. Both planets exceed Saturn in density; 
for whereas Saturn’s mean specific gravity is but 
■j^-ths, that of Uranus is -j^ths, and that of Neptune 
-j^g-ths of the mean specific gravity of our globe. 
Thus each planet has a density nearly equal to that 
of water. The mass of Uranus exceeds the earth’s 
about 12| times, while that of Neptune is some 16f 
times as great as the earth’s. It will be seen, there¬ 
fore, that though these two far-distant worlds are much 
less massive than Jupiter or Saturn, each of them 
outweighs many times the combined mass of the four 
planets which travel within the zone of asteroids.. Yet 
gravity on the surface of these two orbs is but about 
three-fourths of terrestrial gravity. 

The disc of the sun as seen from Uranus is less than 
that which we see, in the proportion of 1 to nearly 390, 
while the Neptunians have a sun only about ¥ L_th of 
ours in apparent size; and in these proportions the 
solar light and heat received by these planets are re¬ 
spectively diminished. So small does the sun appear, 
in feet, that to eyes such as ours his orb would not 



OTHER WORLDS THAN OURS. 

it a disc-like figure, but would appear like as 4 
lingly brilliant day-star. ^ 

far we have found the circumstances of the two 
.s somewhat similar. But we have now to con- 
a relation presented by Uranus, which is not’ , 
[ in by Neptune. It may be remarked that we 
so little about either planet that any very careful 
eralion of their habitability would be simply a 
of labour. The evidence I am about to adduce, 
er, in the case of Uranus, seems thoroughly to 
e of the claim of this planet to be regarded as a 
inhabited by creatures resembling those we are 
mted with on earth; and as we cannot reasonably 
se Neptune to be inhabited by such creatures 
Uranus is not, we may very fairly regard the 
on as disposed of for both planets, even though 
lation dealt with is peculiar to Uranus. 

•anus has a family of four satellites, Neptune has 
ne satellite yet discovered. Now we know that in 
se of Jupiter, as in that of Saturn, the position 
plane near which the satellites travel is nearly 
dent with the plane of the primary’s equator, 
fore, though no telescope has yet exhibited any 
es on the discs of Uranus or Neptune whieh can 
s us to determine the position of its equator, we 
fely infer from the motion of the satellites how 
luators of the planets are situated. 
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jrtent for my present purpose, that they travel in a 
strograde direction. The satellite of Neptune travels 
i a path not inclined more than about 27° to the plane 
f the planet’s path; but the motion of the satellite is 
ttrograde. We conclude that the axis of Uranus lies 
3ry nearly in the plane wherein the planet moves 
•ound the sun, and that the planet rotates in such a 
ay around this axis that the sun moves across the 
ranian skies from west to east, instead of from east 
> west. The latter relation is of no great importance; 
re former, however, involves results which dispose at 
ace, and thoroughly, of any hopes we might entertain 
f discovering creatures in Uranus resembling those 
hich inhabit the earth. 

The inclination of the plane of Uranus’s equator to 
le path in which he travels being about 76°, it follows 
rat. the Uranian sun has a range of about 76" on either 
de of the celestial equator, during the long Uranian 
Bar. Already, in considering the seasons of Venn-, I 
ave dealt with a peculiarity of this sort: but in the 
ise of Uranus the effects are more serious. We have 
ily to consider what would be the result, of so wide a 
mge of solar excursion north and south of the celestial 
qua tor in a latitude corresponding to that of London, 
) see how importantly the climatic relations of a planet 
ke Uranus, occupying eighty-four years in circling 
:ice round the sun, mmt be affected by such a picu- 
arity. We know that in the latitude of London tht- 
m reaches at noon, in spring or autumn, an elevation 
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mrner he passes the meridian 2Z\ degrees higher, ) 
in winter he passes the meridian 23^ degrees ’ 
s or only 15 degrees above the horizon. But in 
ilar Uranian latitude, while the sun would reach 
line meridian elevation in spring or autumn, he% 
1 in summer travel throughout the day in a small 
,14 degrees only from the pole (raised of course 
egrees above the horizon), so that at noon he would 
- degrees, and at nominal midnight 37-J degrees 
s the northern horizon. And obviously, since the 
of the TJranians lasts 84 of our years, the cop- 
nce of the sun above the horizon would last for 
• years. 1 So far there is nothing to render life 
ranus unpleasant, always supposing the small' 
nt of light and heat supplied by the sun to be com- 
ited by some such atmospheric arrangements as 
cists have thought necessary for the convenience 
e more distant planets. But when we consider 
ature of the Uranian winter, we find the circum- 
es such as no arrangements of the sort can be con- 
1 to alleviate. The winter path of the Uranian 
in a latitude corresponding to that of London, is 
is fully depressed below the horizon as the sum- 
path is raised above it. At midnight the sun 

Ixact calculation applied to relations so uncertain as those 
i question would be out of place. From a careful construe- 
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ices here also a variety of seasonal changes which 
inuld find altogether unendurable. From a son 
y rising above the horizon in winter, to a sun 
1 rises vertically overhead twice in the course of 
Iranian summer, is a change which hardly accords 
our views of what is desirable in the progress of 
easons. At the equator itself there are in reality 
summers, occurring at the period of the sun’s 
ng the celestial equator. Here for many years 
her the sun passes day after day to a point nearly 
iead. But then comes the long winter, in tjhe 
of which the sun rises barely 14 degrees above 
northern or southern horizon. By whatever 
gement we render the long Uranian winters in 
part of the planet endurable, we render the heat 
s long summers unbearable; and vice versa, if 
:onceive of atmospheric relations which would 
iT his summers pleasing, we have caused his 
:rs to be so intensely cold that no creatures we 
amiliar with could endure the prolonged and 
r frosts, contrasting so distressingly with the 
ined geniality of his summer weather, 
f Uranus be inhabited at all, then, it must be by 
ures constituted in a very different manner from 
vith which we are acquainted. To such creatures, 
ly among them be gifted with intelligence, the 
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f motion which we recognise in passing from the 
^uatorial to polar constellations, would lead to a 
srtain complexity in celestial charts and globes, which 
ould invite us to the conclusion that the Uranians 
inst he capital mathematicians. Then there are 
srtain astronomical subjects of study to which their 
latheinatical powers may be devoted perhaps more 
iccessfully than those of our astronomers. For ex- 
mple, the wide sweep of the planet’s orbit would 
nable the Uranians to recognise a displacement of the 
»ars in the course of the long Uranian year. The 
■ar Alpha Centauri, which only exhibits to the ter- 
;strial observer an annual parallax of one second, 
ould exhibit to the observer on Uranus a displace- 
lent of about the third part of a minute. Other stars 
ould be affected in like proportion, and perhaps the 
ranians may thus be enabled to form some conception 
f that relation which hitherto has proved too bailing 
problem to our astronomers—the actual eontigura- 
on of the nearer parts of the sidereal system. The 
eptunians would of course be even more favourably 
rcumstanced. 

One difficulty presents itself, however, in thus con- 
dering the prospects of the Uranian and Neptunian 
itronomers. The enormous length of the year d 
ich planet requires that either the astronomer- in 
ranus and Neptune should be very long-lived, or 
rat they should be very enthusiastic in the eau-e 
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r earth. An Uranian who made one set oi % 
ations to determine stellar parallax when he was, vi 
renty-five years old, would have to wait till he '; 
iarly reached the threescore years and ten (not ' 
>s allotted as the span of Uranian life) before he*\ 
make the corresponding set, by comparing which ' 
be former, stellar parallax was to be determined, 
ptune life must be prolonged over the century , 
3 the study of observational astronomy commence , 

■ the babyhood of the Neptunians), in order that ■ 
jlete set of observations for determining stellar ■ 
x should be carried out. One cannot but con- 
hat a certain sluggishness would mark the pro- , 
if astronomy in these far-off worlds under such 
stances. In fact, the mere consideration that 
i constellation has passed away from the noc- . 
skies of Uranus or Neptune, 30 or 40 years in 
3e and 70 or 80 in the other must pass before ■ 
onstellation again becomes favourably visible, 
ts characteristics of astronomical observation 
her different from those we are familiar with. - 
miral Smyth suggests that these distant planets 
be convenient outposts for watching the ap- - 
or recession of comets; but I venture to point ,, 
it the inhabitants of the earth are on the whole ’ 
favourably situated in this respect. Every 
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jm UranuB or Neptune, since to be visible a comet 
ust approach the sun or recede from him along a 
urse passing tolerably near to the particular position 
either planet at the time ; and the changes in the 
se of any individual comet would be enormously 
■ainst such a contingency. 

With eyesight such as ours the Uranians would 
stinctly see Neptune when in opposition, but the 
eptunians would be wholly unable to see Uranus, or 
deed any known planet of the solar system. 

Perhaps, though we have very little evidence on 
e point, it will be thought more reasonable to sup- 
>se that Uranus and Neptune are suns to their re¬ 
active systems of satellites, than to imagine that 
ese two drearily circumstanced planets are them- 
Ives inhabited. Their satellites cannot possibly 
mpensate to any noteworthy extent for the small 
rount of solar light or heat which reaches their pri¬ 
mes. On the other hand, it is not difficult to cou- 
ive that the planets may afford an important supply 
heat (at any rate) to their dependent orbs. Cer- 
inly, so far as the evidence we have extends, Uranus 
d Neptune resemble Saturn and Jupiter too closely 
t to warrant the application of any arguments de- 
ced from the appearance of the two giant planets to 
e case of their inferior but still gigantic brethren. 

Viewing the matter thus, we seem led to the coll¬ 
ision that the planets which lie outside the zone of 
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>utes of size, density, rapidity of rotation, and the 
lexity of systems circling round them, but in this 
important and more interesting circumstance, 
Ehey and their dependent orbs are real miniatures 
e solar system. Four suns they would seem to 
ot indeed suns resplendent like the primary sun 
1 which they travel, yet giving out perhaps no 
nificant supply of light; not heated to incan- 
nce as he is, but still supplying an amount of 
proportionately far greater than the quantity of 
they give forth: in fine, not, as he is to the inner 
ts, the sole source whence all supplies of force 
lerived, but adding their influence to his in a 
ty of complicated but doubtless well-ordered com 
ions, in such sort that the small worlds which 
around them are provided with all that is neces- 
Ebr the well-being of their inhabitants. 


CHAPTER VIII. 


THE MOON AND OTHER SATELLITES. 

Although the moon cannot be regarded as at present 
he abode of any forms of life, such as we are familiar 
pith on earth, there are many reasons for studying in a 
rork on other worlds the various relations she presents 
o us. In the first place, she subserves various useful 
>urposes in the economy of our own earth; then ihere 
re circumstances in her appearance which suggest 
hat at one time there may have been life upon her 
urface ; and lastly, she affords us the only information 
re have concerning the probable relations pire-sented. 
>y the noble systems of moons which circle around 
upiter and the other planets outside the zone of 
steroids. 

With regard to the present habitability of the 
noon, it may be remarked that we are not justified in 
sserting positively that no life evirts upon her surface. 
Afe has been found under condition so stiauge- - we 
lave been so often mistaken in assuming that lure 
erfainiy, or there, no living creatures can possibly 
xist—that it would be rash indeed to dogmatise re¬ 
penting the state of the moon in this respect. 
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ly different in character from those we have 
‘rto had to consider. We no longer. 
with various degrees of heat and cold, of at» 
>heric rarity or density, and the like, b'ff'tT'wifch 
ions which do not in the slightest degree resemble 1 
; we are familiar with on earth, 
n the first place, the moon has no appreciable at- 
ihere. We have long known this quite certainly, 
ise we see that when stars are occulted by the 
1 they disappear instantly, whereas we know this 
i not be the case had the moon an atmosphere 
jpreciable extent. But if any doubt could have 
ined, the evidence of the spectroscope in Mr. 
Tins’s hands would have sufficed to remove it. 
las never been able to detect a sign of the ex- 
ce of any lunar atmosphere, though Mars and 
;er, so much farther from us, have afforded dis- 
evidence respecting the atmospheres which sur- 
1 them. 

hen secondly, there are no seas or oceans on the 
i. Were there any large tracts of water, the 
endous heat to which the moon is subjected during 
ourse of the long lunar day (lasting a fortnight 
r time) would certainly cause enormous quantities 
ter to evaporate; and not only would the effects 
is process be distinctly recognisable in the tele- 
, but the spectroscope would exhibit in an un- 
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ion of the moon’s axis to the orbit in which she travels 
ound the sun is nearly 89°, and with this inclination 
here can be no appreciable seasonal changes. 

Fourthly, the enormous length of the lunar day is 
Itogether opposed to our conceptions of what is suit- 
ble for animal or vegetable life. The lunar day lasts 
bout a fortnight, and the lunar night is, of course, 
qitully long. Were this all, the inconvenience of 
he ariaugejnent would not be endurable by beings like 
urselves. But far more serious consequences must 
ejsuh from the combination of the arrangement with 
hr-, want of an atmosphere ; for whereas during the 
unar day the surface of the moon is exposed to 
n inconceivably intense direct heat, un ou * J 
urtuieut to heat ihat surface far above tne boiling 
oinf, during the lunar night the li e at is m h° 
iipidly away into space (no atmosphere ehe 1 1 s 
rocess), and an intensity of cold must preva J < f , LirL 
'o can form bub imperfect conceptions.* 

The mere fact that our earth m always invisible Trom 

! I he moon's physical naoitudes are in i;'o, so very aidcrent 
'■.mi those of tiiu eaifh that, one cannot lead wnnoat E'tonis-.rLeni 
1- foilc vm„ n vhi h Sir » 1 j it c 

loon’s habiiatnnty. -Its sir,nation, with ifo.eet to tne snn.- he 
iys, ' is much like that of the eai.h, ana ey a iota non 011 ns axis 
enjoys an aert sable variety of seasons (B ana or duv nr,a ril 1:1. 

■Kierg-.iinf'the same regular ohanv-s or illumination as the moon 
>es to the earth. The sun, the planers, ana tne starry constciin- 
ijih of the heavens will rise and set, there as they do here, ana 
uvy bodies will fall on the moon as they ao on the earth, hi err 
e-mu only to be minting, in oritur 10 evut/netn me amnoyy, unr: u 
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ree-sevenihs of the moon’s surface is one which 
>iuts very strongly to the conclusion that the present 
tulif ion of the moon is not the one best calculated to 
eet the want s of living creatures on her surface. In 
ng-past ages, when her rotation had not yet been* 
reed into accordance with her revolution 1 * 3 (as at 
csent), the earth must have subserved a variety of 
ost important purposes. If water then existed on 
e surface of the moon, the earth must have raised 
ial waves in the lunar oceans. She must further have 
fleeted enormous supplies of light and heat towards 
:r dependent orb, even if at that time she were not 
secondary sun for the lunarians. She must have 
avelled across the lunar skies as the moon travels 
er ours, presenting a variety of interesting and beau- 
ful phases, affording useful time-measures, and so 
tabling the travellers on the moon in those long-past 
;es to guide their course in safety over her oceans or 
sr deserts. But now she is invisible- from a large 

1 The researches of Adams into the peculiarity of the moon’s 
ition called her acceleration, suffice to show that under the in- 
ence of the moon’s attraction on our oceans, the earth’s rotation 

gradually diminishing; so that, though many millions of ages 
ist elapse first, she will one day so rotate as to keep always the 
no face turned towards her satellite. We cannot doubt that it 
s been by a process of this sort that the moon’s rotation has been 
aught to its present rate. In fact, independently of the evidence 
brded by the earth’s gradual loss of rotation, we cannot account 
: the moon’s peculiarity of rotation without regarding it as due to 

3 earth’s controlling influence. A perfectly homogeneous sphere, 
irted on a direct line at the moon’s distance, and with the same 
locity, would travel without rotation on an orbit like the moon’s. 
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imd us wo see the fruits of solar energies, we feel 
run within ourselves, we exert them upon others, 
id therefore when we see on the moon signs that 
r surface was at one time upheuved by tremendous 
icanie forces, we are led to the conclusion that 
tween the era when she w& thus disturbed, and the 
esent time, when she seems absolutely quiescent, 
ere must have been a period when her energies were 
for sustaining various forms of life ; though it does 
t follow, of course, that they were so employed. 
iere has, in this instance, been a process resembling 
haustion, though we know that the forms of force 
lich have passed away from the moon have not 
illy ceased to exist; but before the lunar forces 
re dissipated into space, they may have subserved 
e purpose of supporting life. 

Associated, however, with this subject, there are 

me, gives an account o£ one large portion of the stellar heat 
>plies, because we know that, small as the amount we receive 
y be, we must, multiply that amount millions on millions of 
les to get the total received by all the orbs in space from this 
ticular sun. But we know that a large portion of our sun’s 
lit and heat must either fail to fall on any other orbs, or must 
gradually exhausted in its progress through space (for if lines 
m the sun in every direction encountered orbs, the sky ought to 
lighted up at all times with star-splendour—which is no other 
m sun-splendour). In either case we cannot tell what becomes 
the portion seemingly wasted ; though in the latter case we may 
mi confidently that there is simply a change in the nature of 
energy. In both cases we know that the total of energy in the 
verse remains undiminished. There is, indeed, a seeming con- 
diction here; but it is not different in character from the seem- 
contradictions suggested by the consideration of infinite space 
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ns of a perplexing character, which invite our 
consideration. If life ever existed on the moon, 
ist have possessed an atmosphere and seas. In- 
ently, also, of our views on the subject of life 
he moon, we are led tty the revelations of the 
scope respecting the solar system, to believe 
l the bodies within that system are in a general 
limilarly constituted; and if this be so, there 
ince have been oceans and air upon the moon, 
las become of the moon’s atmospheric envelope, 
the lunar oceans ? 

four several ways this question has been an- 
. Some have thought that the oceans and air 
een withdrawn into cavities within the moon’s 
ice. Others have imagined that the air and 
may have passed away to the farther Lemi- 
of the moon. According to a third theory, i 
bas carried off the lunar oceans and dm «•’ 1 
istly, a fourth theory has been maintained.- 
ng to which the lunar air, and a ft it u rm 
;eas, have been changed by intensity of coni 
e solid form. 

these theories, the first and last only seem 
of consideration. We see so much, of tim 
farther hemisphere during her librations that 
st perforce reject the second, even if we had 
astworthy reason for believing so strange an 
-merit tn be nn.sdble.' The third tbeorv i- 
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iposed by all that modern astronomy teaches re¬ 
uniting the constitution of comets. 

The theory that an atmosphere formerly surround- 
ig the moon has passed with the lunar oceans into the 
iterior of our satellite has been supported by physi- 
sts of considerable eminence. The relatively low 
tecific gravity of the moon (little more than half the 
irth’s) suggests the possibility that cavities large 
lough to contain even all the waters of our own 
:eans may exist within the moon. Nor does the fact 
lat we can see no unmistakable signs of chasms 
iteruling deep into the moon’s substance suffice to 
nder the theory untenable, or even improbable. It 
difficult to understand how the retreat of the waters 
ok place. Certainly it cannot have happened while 
le moon’s volcanic forces were in vigorous action; 
it a period must undoubtedly have arrived when by 
:lle and little the waters could retire within the 
oon’s substance without being vaporised. From 
hat we know of volcanic action on the earth, the 
mar volcanoes must have drawn fresh supplies of 
icrgy from the gradual influx of water ; and one can 
ius understand why the aspect of the moon indicates 
tat up to the last moment, so to speak, of her exist- 

avi ty, on which the theory has been based, can be admitted as an 
tablished fact. Independently of this, however, the theory will 
it bear close examination. Anyone who will draw a cross section 
the moon (in a plane passing through the earth), and endeavour 
assign such a position to an atmosphere of moderate extent that 
en during the moon’s extreme librations no signs of the atmo- 
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ron’s heat is radiant—in other words, the moon’s sur- 
x has been actually raised to a high degree of heat by 
e solar rays. Most physicists look with considerable 
nfidence on the method by which, in the researches 
ide at Parsonstown, an attempt has been made to dis- 
lgujsh between the heat which the moon reflects and 
at which she radiates into space. 

On the whole, therefore, the former theory seems 
have the strongest evidence in its favour, or rather 
e least decisive evidence against it. 

In considering the systems of bodies which circle 
mnd the outer planets, we are struck at once by 
veral marked circumstances of contrast between 
eir condition and that of our own moon. 

In the first place, we have no satisfactory evidence 
at the satellites of Jupiter and Saturn turn always 
e same face towards their primary. It is true that 
r William Herschel was led by certain observations 
the satellites of Jupiter to conclude that this rela- 
>n holds in their case. But we have far stronger 
idence against such a view, in the fact that modern 
servers armed with telescopes of the most exquisite 
fining powers have not only been unable to confirm 
e relatively rough observations made by Herschel, but 
ve noticed peculiarities of appearance only explic- 
le by the theory that the rotation of the satellites is 
ite independent of their motion of revolution around 
piter. Hawes, for instance, has observed that the 
irkings seen on the third satellite, when transiting 
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t well-defined black spot on certain occasions, 
1 others it has appeared quite bright on the 
the planet. He once saw this satellite bright 
ered on the disc of Jupiter, and about half an 
er as a dark spot; while Mr. Prince, with a 
reflector, has seen the satellite dark first and 
ds bright. It need hardly be said, that if the 
turned always the same face towards its pri- 
> such varieties of appearance would be pre¬ 
luring transit. The following passage from 
1 Celestial Objects ’ points strongly also to the 
m that the rotation of the Jovian satellites 
independent of their revolution. After men- 
Lhat the variable light of the satellites may be 
ly the existence of spots upon their surface, he 
i. ‘A stranger source of anomaly has been 
d—the discs themselves do not always appear 
ame size or form. Maraldi noticed the former 
1707, Herschel ninety years afterwards infer- 
a the latter, and both have since been con- 
Beer and Madler, Lassell and Sec-chi, have 
es seen the disc of the second satellite larg. r 
it of the first; and Lassell, and Sec-chi and his 
; have distinctly seen that, of the third satellite 
r and elliptical; while, according to the Roman 
s, the ellipse does not always lie the same way.' 
ill easily be seen that these peculiarities in¬ 
to oT,'afonr.o of r?nrle in.irL-in ops on fhc.se hodies. 
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nngo in figure since, the brighter part of the satellite 
ulil he that which would determine its apparent 
un\ Ami further, since the change of figure shows 
correspondence with the position of the satellites in 
•ir revolution, we infer that their revolution is in- 
pendent of their rotation. 

It is worthy of notice, however, that even if the 
ler satellites turned always the same face towards 
hr primary, the. peculiarity would not (as in the case 
our moon) result in an inordinate lengthening of 
?ir diurnal period, since Jupiter’s two inner satellites 
nplote a revolution in 1 day 18| hours, and 3 
vs 13 hours respectively; while the revolutions of 
turn's five inner satellites are severally accomplished 
2 -U- hours, 1 day 9 hours, 1 day 21 hours, 2 days 
hours, and 4 days 12£ hours. 

Ho far as we can judge from Laplace’s estirhates, 

■ specific gravity of Jupiter’s moons must be very 
all, ranging from one-third to two-thirds of the 
ion’s specific gravity. But very little reliance 
i be placed on these results, because the only 
dence we have respecting the mass of the satellites 
that founded on the perturbations to which their 
itions are subjected, and it is very difficult indeed 
estimate these perturbations. When to this we add 
s circumstance that little reliance can be placed on 
lasurements of the minute disc presented by the 
ellit.es, it will be seen that our estimate of the 
icific gravities of these bodies cannot by any means 
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As seen from his satellites, Jupiter must present 
a magnificent scene. To the inhabitants, if such there 

twenty degrees in diameter. Thus, whereas there 
‘might be about 700 moons such as ours placed all 
round our horizon, the disc of Jupiter, as seen from 
the inner satellite, would occupy a full eighteenth part 
of the horizon’s circumference. The disc of Jupiter, 
as bo seen, would cover a space on the heavens ex¬ 
ceeding more than 1,400 times that which our moon 
covers. To the second satellite, Jupiter presents a 
disc about 12£ degrees in diameter, or about 600 times 
as large as our moon’s. To the third satellite be shows 
a disc about 7| degrees in diameter, or more than 200 
times the size of the moon’s. And lastly, the in¬ 
halants even of the furthermost satellite see him with 
a dmrneter of about degrees—that is, with a disc 
more than 65 times as large as that of our moon. Se 
that, if the views I have put forward respecting Jupiter 
be correct, the enormous space be covers on the skies 
of his respective satellites must suffice to compensate 
in part for the relatively small amount of heat which 
he can be supposed capable of emitting. 

If the satellites rotate with a motion independent of 
their revolution, Jupiter passes across their skies like 
a vast moon, exhibiting phases such as those presented 
by ours, but on a far vaster 6cale. But besideg his 
phases, he must exhibit to the inhabitants of his satel¬ 
lites the most marvellous picture that can be conceived. 
His belts’ changes of figure and colour, only rendered 
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sible to our astronomers by powerful telescopic aid, 
ust, be distinctly visible to creatures on his satellites, 
id cannot but afford reasoning beings on those orbs 
most astounding theme for study and admiration. 

To the inhabitants of the satellites which circle' 
und Saturn, the ringed planet must present an even 
ore interesting spectacle. His disc as seen from the 
:arest. of his satellites has a diameter of 17 degrees 
id an apparent surface exceeding more than 900 
mes that of the moon. From the farthest satellite 
s disc is less than a degree in diameter, and therefore 
>t quit e four times as large as our moon’s. Between 
ese limits the apparent size of Saturn varies as we 
,ss from satellite to satellite; but from the sixth 
tellite his apparent surface is twenty-five times, while 
un f he seventh it is sixteen times as large as the 
oon’s; so that the outer satellite is quite exeep- 
mally circumstanced in this respect. 

It is not so much from the apparent size of his disc, 
wever (though in the case of all the inner satellites 
at must be a most remarkable relation), as from the 
culiar character of his ring-system, that Saturn would 
rive his chief interest. It is true that the inner 
;ellites travel nearly in the plane of the rings, so that 
ese are always presented nearly edgewise. But even 
viewed, the rings would present a most striking ap- 
arance. From the inner satellite, indeed, the extreme 
m of the ring-system is more than 90 degrees ; 1 so 

1 About 93° according to the best estimates of the dimensions 
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en one extremity is seen on the horizon the 
would appear as an arch thickest in the middle, 
ig over an arc of about 93 degrees, and having 
of Saturn at its centre. When the whole of 
1 is illuminated, Saturn is 1 full ’; at other times 
ents all the phases shown by our moon, and 
i of light is correspondingly shortened. Saturn 
nd in the zenith, with the ring-system de- 
, on either side of his disc, must be a glorious 
e as seen from certain regions of his innermost 
The display would diminish in grandeur, 
not perhaps in interest, as seen from satellites 
and farther away. But the inhabitants of the 
ist satellite of all have the privilege of seeing 
urnian ring-system opened out much more fully 
seen from the other satellites, since the path of 
on is inclined some 15 degrees to the plane of 

.he satellites of Uranus and Neptune little can 
, because so little is known either respecting 
rbs themselves or their primaries. It seems 
at Sir William Herschel was mistaken as re- 
our of the satellites of Uranus he supposed he 
;ected. Uranus has but four known satellites 
ptune only one. Possibly other Uranian satel- 
ry one day be discovered, and Neptune also 
«sibly have several satellites circling around 
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CHAPTER IX. 

METEORS AND COMETH: THEiK OFFICE IN THE SOLAE 
SYSTEM. 

I'iiere are few more interesting chapters in the history 
if astronomy than that which deals with the gradual 
n trod notion of meteors into an important position in 
be economy of the solar system. Regarded for a long 
ime as simply atmospheric phenomena (though many 
indent philosophers held another opinion), it has .only 
)een after a long and persistent series of researches 
hat they have come at length to be regarded in their 
rue light. But though the history of those researches 
s not only full of interest, but highly instructive 
.nd encouraging, this is not the place for entering at 
ength into its details. I must present facts and con¬ 
tusions, rather than the narrative of observations or 
•aleulations by which those facts and conclusions have 
)een established. Nay, it would seem at first sight as 
hough even the nature of meteors could have very 
ittle to do with the subject of this treatise, since we 
:annot suppose these small bodies to be inhabited 
vorlds. It will be found, however, that, though this 
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i are associated in a very intimate manner with 
iera.1 relations of the family of worlds forming 
ir system. 

ler the head ‘ Meteors ’ I include all those objects 
reach the earth’s atmosphere from without, 
r they actually make their way to her surface 
en, like the aerolites; or explode into small frag- 
as bolides and fireballs have been observed to 
are apparently consumed in traversing the upper 
of the air, as happens with shooting or falling 
All these objects, we now know, represent in 
bodies of greater or less size, which, before 
icounter with the earth, were travelling around 
i in orbits of greater or less eccentricity. The 
masses, though they must be very numerous 
earth would not once in many ages encounter 
them), are yet relatively few in number as com- 
with fireballs, and still more so in comparison 
looting stars. It has been calculated, indeed,' 
sse last are so numerous that the earth, in pacing 
b a region of space equal to her own dimensions, 
ncounter no less than 13,000 of them; while of 
filer bodies, whose passage through our air would 
s recognisable by telescopic aid, she is supposed 
unter as many as 40,000 within a similar space, 
it laying great stress on these calculations, we 
t feel quite sure that the earth must encounter 
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:en but a portion only of that slice visible to a single 
^server, six or seven falling stars on the average may 
3 seen during each hour of the night. 

It will be seen, then, that a problem of the utmost 
nportanee was involved in the question whether these 
)dies came from the interplanetary spaces, or from 
le region of space over which the earth’s own attrac- 
ve energies prevail. Now that we know the former 
ew to be the true one, we recognise the fact that, 
lough each meteor may be individually insignificant, 
le meteors of the solar system, looked on as a single 
mily, form a highly interesting and important portion 
’ the sun’s domain. 

But now a yet more significant relation has to be 
insidered. Regarding meteors as planetary bodies, 
ley might yet be relatively unimportant, if we had 
ly reason to believe that they form a sort of zone or 
dt near the earth’s orbit, resembling in a sense the 
teroidal zone, only composed of far smaller consti- 
lent bodies. We could not then infer from the number 
' meteors encountered in a given time by the earth, 
ie largeness of the total number of these bodies ; for 
might well be that this zone had no counterpart, 
ther in the outer part of the planetary system or 
ithin the orbit of the earth. What has actually been 
scovered, however, respecting the paths along which 
ie meteoric bodies have reached the earth, immensely 
lhances the importance of these objects. 

It has been proved, on evidence perfectly incontest- 



56 


OTJlF.lt WORLDS TUAN OURS. 


n, the aphelion of their orbit lying far beyond the 
ith of Uranus. 

So far, then, as we can judge from the only two 
eleoric systems whose orbits can be said to have 
;en satisfactorily determined (though there are many' 
her systems which have been associated with known 
mets), we are led to the conclusion that the meteoric 
bits are for the most part eccentric. We know, 
rther, that they are inclined in all directions to the 
ane in which the earth travels, because we see that 
eir constituent bodies fall upon the earth in direc- 
ans which shows no tendency to near coincidence with 
e ecliptic. 

These two circumstances are full of meaning. If 
e meteors travelled in nearly circular orbits at a 
ean distance nearly equal to the earth’s mean dis- 
nce from the sun, then the earth would be certain to 
icounter meteors in the course of her orbital motion 
und the sun. Again, if the meteors travelled in 
centric orbits, whose perihelia lay within the earth’s 
bit, and if these orbits all lay in or near the plane of 
e earth’s path, the earth could not fail to encounter 
eteors as she travelled round the sun. But under the 
tual circumstances—the mean distances of the me- 
oric orbits being in no way associated with the earth’s 
ean distance, and the inclination of these orbits to the 
liptic not being in any way limited—the two questions 
e at once suggested, (1) What is the d 'priori chance 
at the earth would encounter the members of any 
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all, what is the conclusion to be drawn from the 
hat the earth encounters meteors belonging to 
systems ?—the number already recognised being 
r sixty. Assigning elements at random to a 
r system, we see that, unless the residting orbit 
ly coincides with the plane of the ecliptic (a 
>n which would not happen in a million trials), the 
trill intersect that plane in two points, lying on 
ight line through the sun. And for the earth to 
nter members of the meteoric system, it is requi- 
rnt one or other of these two points shall lie close 
earth’s orbit. But these points may have any 
on whatever in the plane of the ecliptic, and the 
e that one of them has the requisite position may 
garded as indefinitely small. It follows, then, 
he a priori chance of the earth’s encountering the 
lers of a meteoric system is indefinitely small; 
.ence we conclude that the number of meteoric 
ns of which she passes wholly clear is indefinitely 
in comparison with the number whose members 
ncounters. But she actually enoomb era mefeors 
ting to more than four hundred systems. Hence 
tal number of meteoric systems belonging <0 the 
:ary scheme must he au indefinitely large number 
idreds—or in other words, it must be enormously 
d our powers of conception. 

iis being so, it behoves us to inquire, first of 
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vlmt, may be the nature, quality, and substance of 
hose met ('uric, musses. For we begin to see that we 
ire in (lie presence of relations which may—or I 
iiould rather say which must—affect most importantly 
lie economy of the solar system. 

Now we have seen something already of the longi- 
udinal extent of meteoric systems, since that extent 
corresponds to the circumference of meteoric orbits, 
mil we have seen that these orbits have enormous 
limensions. We may indeed suppose that in some 
ases the whole extent of an orbit is not occupied by 
neteoric masses at any one instant: but even when, 
is in the case of the November meteors, the annual 
lisplays wax and wane in splendour, there is no absolute 
essation in the occurrence of star-falls on the date cor¬ 
esponding to such a system. And taking full account 
ven of the marked diminution which actually occurs 
ve are yet compelled to assign an enormous longi- 
udinal extent to that portion of the system which has 
>een poetically termed ‘ the gem of the meteor-ring.’ 
'’or example, in the November meteor system, this 
>ortion of the ring cannot be less than 1,000,000,000 
niles in length. As to the width of a meteor system— 
hat. is, its extent in a direction measured in the plane 
>f its orbit—we have no satisfactory information, because 
i meteor system may extend enormously on either side 
if the point through which the earth’s orbit intersects 
t, and yet no trace of that extension be recognised 
jy observers on the earth. Still we xpay conclude 
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ingitudinal extension of the system and the depth 
i meteor zone—that is, the length of a line taken 
gh it, square to the plane in which it lies. Now 
s last dimension we can form a tolerably accurate 
ate in many instances. We know that so long as 
>rs belonging to any system are flashing into view, 
irth is still plunging through the system; and if 
low the position of the system, we can determine 
ipth in this way, just as we could determine the 
th of a range of hills if we noticed the time oc- 
i by a train, travelling with known velocity, in 
ig through a tunnel which traversed the range of 
in a known direction. Judged in this way. the 
of the November meteor zone would seem to be 
00 miles in the part traversed by the earth in 
about 60,000 miles in the part traversed in 
and considerably greater (though the zone was 
sparsely strewn with meteors) where the earth 
d the system in 1868, 1869, and 1870. 

3W as regards the density with which meteor# are 
1 in any known system, I must remark on a 
ke which has been sometimes made. It has not 
thought necessary to consider the velocity with 
the meteors themselves travel, as well as the 
s velocity, in order to determine from the average 
al of time separating the appearance of successive 
rs the average distance separating neighbouring 
rs from each other. This, however, is an erro- 
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lotions manifestly tend to affect the total number of 
mounters. 1 Let us apply this consideration to en-' 
ale us to form a rough estimate of the number of 
••dies in the richer part of the November meteor 
•stem. We may fairly assume that, taking the 
•erage of the four displays of the years 1866-69, 
le earth encountered more than one meteor per 
linute as she swept onwards through the system? 
•, conveniently for our purpose, that an average 
■stance of 1,000 miles separates meteor from meteor 
iroughout the ‘ gem of the ring.’ Now the length of 
le great cluster is at least 1,000,000,000 miles, its 
lickness may be fairly assumed as averaging 100,000 
iles, and its width can hardly be less than ten times 
s thickness, since the forces acting on the system 
nd much more largely to affect its width than its 
lickness. Thus, with the assumed average of dis- 
nce (1,000 miles), we find that the cluster cannot 
intain less than (1,000,000 x 100 x 1,000) or one 
mdred thousand million meteors! 

Prof. Alexander Herschel, from observations of 
le amount of light given out by these bodies, and a 
1 dilation founded on the velocity with which they 
motrate our atmosphere, has come to the conclusion 

1 Obviously the total number of meteors encountered during 
e earth’s passage through a meteor stream will be the number 
ntained in a cylindrical space having a cross-section equal to the 
rth’s, and traversing the meteor stream from side to side. The 
otion of the meteors will affect the particular set of meteors 
tually found within this space as the earth traverses it, and will 
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uplexing as the relation appears, it has been esta= 
ished on evidence which cannot reasonably be dia¬ 
lled. It carries with it results of extreme interest 
d importance. 

I do not propose here to enter into any considera- 1 
>n of those enormously difficult questions which are 
ggested by the study of cometic phenomena. That 
ey will before very long receive their solution I 
afidently believe; but in the present state of our 
owledge it would indeed be hazardous to speculate 

to what that solution may be. I may remark, in 
ssing, that while I recognise in recently promul- 
ted theories on the subject the indication of a 
jhly suggestive and promising line of research, I 
mot but feel that cometic phenomena are far too 
mplicated to be directly accounted for in any of the 
ys pointed out of late by physicists. Some of the 
>re obvious, and, I may add, the more generally 
own phenomena, do indeed appear to receive a 
ution when examined under the light of recent 
searches, but numbers of others not only remain 
accounted for, but stand apparently altogether 
posed to suggested theories. 

For my present purpose, however, the facts to be 
ncipally noticed are in a sense independent of any 
;ws which may be formed respecting the nature of 
nets. We know that the dimensions of these objects 
i in many cases enormous. We know, further, that 
jre must be many thousands of comets remaining 
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sd. And, lastly, we are led to recognise the 
id association between certain meteor systems 
rtain comets as indicative of a general law by 
in some way as yet unexplained, comets and 
3 are associated together. Thus, independently 
considerations already adduced, we are led to 
uclusion that meteor systems must be very nu- 
i; while from the fact that a meteor system so 
ant as the November stream is associated with a 
so insignificant as Tempel’s, we conclude that 
magnificent comets which have blazed in our 
-a source at once of wonder and perplexity to 
tronomer—must be associated with systems of 
incalculably more important than the meteor 
which has so often filled the heavens with 
stars. 

nbining all these results, we seem fairly led to 
inclusion that purposes of importance in the 
ly of the solar system are probably subserved 
:se uncounted thousands of meteoric streams, 
sed, we could suppose that the planets steered 
if them, and that the bodies composing them 
circulated unceasingly in their orbits, we 
form another opinion. But we know that 
s are continually falling upon the atmosphere of 
n earth, either there to be dissipated into finest 
r to pass onwards, with or without explosion, to 
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e solar system, but upon asteroids and satellites— 
iv, are even streaming in among the minute bodies 
■imposing the rings of Saturn. These encounters 
nnot be wholly without result, and it is quite con- 
ivable that most injurious consequences might ensue 
the inhabitants of all the worlds in the solar system 
the continual supply of meteoric matter were im- 
irtantly diminished. 

Now, if meteoric masses fall continually upon the 
anets, such masses must fall in numbers inconceiv- 
ily greater upon the sun; and it is here, unless I 
istake, that the great purpose of the meteoric systems 
icomes apparent. 

Let us clearly recognise, however, why and how 
e sun must be assaulted by a continual inrush of 
eteoric bodies. We have seen how enormous must 
: the number of these bodies ; we know how swiftly 
ey travel, and on what eccentric orbits; but we 
ust go farther before we can prove that they fall 
>on the sun. For example, the November meteors 
e enormous in number, and travel with enormous 
locity in a very eccentric orbit, but they do not ap- 
oach the sun within a distance of nearly 90,000,000 
Lies. Nor, indeed, can any known meteoric system 
ur a steady hail of meteors, so to speak, upon the 
n; for he is the ruling centre of every meteoric sys- 
m, and therefore under ordinary circumstances the 
eteoric orbits must pass around him, and not in such 
rections as to intersect his substance. 
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ely more crowded in the neighbourhood of the 
lan at a distance from him. An indefinitely 
dumber of meteoric orbits must absolutely in- 
; in the immediate neighbourhood of the sun; 
)llisions must be continually taking place as 
ess thousands of meteoric flights rush towards 
,st and then away from their perihelia. Where 
perihelia lie close to the sun the velocity with 
the meteors travel must exceed 200 miles per 
, and therefore the collision even of two minute 
•s must result in the generation of an enormous 
t. of light and heat. But that is not all. 
jst the collisions thus continually taking place 
sun’s neighbourhood there must be a consider- 
•oportion in which the two bodies are brought 
itarily almost to rest by the shock. In such 
he combined mass of the two meteors would fall 
y upon the sun, a fresh supply of light and heat 
generated as they were brought again to rest* 
lis surface. 

lether in the continual collisions of meteors 
st themselves, and in their precipitation upon 
n’s surface, we have a sufficient explanation of 
imingly exhaustless emission of light and heat 
he sun, I should not care positively to assert. 

. Thomson, who was one of the first to adopt 
sw, has now abandoned it; though it is worthy 
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eteors on the sun’s surface is not alone sufficient to 
count for the solar light and heat. But so far as I 
n judge, there is no flaw in the evidence I have 
duced from the laws of probability applied to re¬ 
nt discoveries; and that we are bound to accept 

a legitimate conclusion from that evidence the 
eory that at least a proportion of the sun’s heat 
supplied from the meteoric streams which circu- 
:e in countless millions around him. It can no 
nger be believed, however, without adopting un- 
asonable assumptions, that the whole of that enor- 
ous supply of light and heat which the sun 
aits on every side is derived from the meteoric 
reams belonging to the solar system or drawn in 
>m surrounding space, as the sun, attended by his 
mily of planets, sweeps onwards amid the stellar 
cups. 

If this view were correct, then the meteor systems 
)uld constitute indeed a most important part of the 
n’s domain. They might be said almost to share 
th the sun a title to be regarded as the source of all 
e forms of force which exist throughout the solar 
stem. If in the energies of living creatures on 
■rth, in the forces derived from the fuel that propels 
ir engines, or in the power of winds and storms, we 
ice the action of the ruling centre of the solar 
stem, we might trace back the chain of causation yet 
le link farther, and see in the sun’s emission of light 
id heat the result of forces inherent in the meteoric 
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lomerit when the comet comes back to it. In thie 
ase a fresh struggle takes place, the overmastering 
ttraction of the planet necessarily prevailing, and the 
omet being often dismissed on a new orbit, whose 
erihelion, instead of its aphelion, lies close by the' 
rbit of Jupiter. 

Now we know that such events as these must be 
f frequent occurrence as Jupiter sweeps swiftly round 
n his orbit. For we recognise several comets which 
ave evidently been compelled by Jupiter to take up 
uch orbits as I have spoken of—a family of comets, 
a fact, including Encke’s, Faye’s, and Brorsen’s, 
Vinnecke’s short-period comet, and several others. 
Ve judge further, from the laws of probability, that 
jr each discovered comet of this family there must 
e thousands which have escaped detection. So that 
round the orbit of Jupiter (if not around Jupiter 
imself) there cling the aphelia of myriads of 
ometic orbits whose perihelia lie at all conceivable 
istances from the sun less than the distance of 
upiler. 

Saturn also has his family of comets ; so also have 
Tranus and Neptune. The comet associated with the 
fovember meteors belongs indeed to the Uranian 
omet-family, and the epoch (126 a.d.) has even been 
minted out when this comet may have fallen under the 
lominion (subject always to the sun’s superior control) 
f that distant planet. 

And here I may refer to a view which I have long 
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iffice to account for the present state of things. The 
foot of multiplied collisions would necessarily be to 
iminate orbits of exaggerated eccentricity, and to 
>rm systems (ravelling nearly in the mean plane of 
re aggregate motions, and with a direct motion, 
urther, where collisions were most numerous, there 
ould be found not only the most circular resulting 
■bits, not only the greatest approach to exact coin- 
dence of such orbits with the mean plane of the whole 
'stem, but the bodies formed out of the resulting 
■steins would there exhibit rotations coinciding most 
jarly with the mean plane of the entire system. 1 
It seems to me that not only has this general view 
the mode in which our system has reached its pre- 
nt state a greater support from what is now actually 
)ing on than the nebular hypothesis of Laplace, but 
iat it serves to account in a far more satisfactory 
anner for the principal peculiarities of the solar 
stem. I might indeed go further and say that 
here these peculiarities seem to oppose themselves to 
rplace’s theory, they give support to that which I 
tve put forward. 2 

1 This conclusion depends on a well-known law of probability, 
may be thus illustrated :—If we have in a bag a million white 
d a million black balls, and take out at random a number of balls, 
sn the larger that number, the more nearly (in all probability) 
11 the number of black and white balls included in it approach to 
atio of equality. 

2 It is scarcely necessary to remark that as regards at least the 
ger members of the solar system—including the four primary 
inets within the zone of asteroids—the nebulous condition in- 
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example, what is there in the nebular hypothesis 
iffords even a general explanation of the strange 
:s of size observed in the planetary system? 
.n that hypothesis be reconciled with the re- 
le variations of inclination observed among the 
, or with the retrograde and almost perpendicular 
of the satellites of Uranus ? Nor, again, is the 
esis consistent with the observed peculiarities of 
of those meteoric systems which we must now 
as regular members of the solar system, 
v, according to the hypothesis I have put forward 
a general explanation of all these matters is as 
ggested. Let us consider:— 
the neighbourhood of the great central aggre- 
which would undoubtedly result from the mo- 
f such meteoric systems as I have considered, 
motions would be very rapid. They would, in 
ssemble the motions now actually observed in 
i’s neighbourhood. Here, therefore, subordinate 
itions would form with difficulty, since they 
rave small power of overruling meteoric systems 
; with so great a velocity past them. In the 
nmediate neighbourhood, then, we should expect 
relatively small planets ; and we do accordingly 
it Mercury, nearest to him, is the smallest of the 
, Venus larger, and the earth (yet further away) 
y larger than Venus, but adorned with an attend- 
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Now, at a much greater distance from the sun the 
leteoric motions would be so much less that here, 
opposing only a suitable mean density of aggrega- 
on, it would be possible for much larger snbor» 
mate centres of aggregation to form. These centres 
ould increase in importance as they swept round 
:ie central aggregation, continually gathering fresh 
■emits. Indeed, though, as now , they would not 
e able to prevent the major part of the materials 
ishing from outer space towards the sun from aggre- 
ating round him, they would still gather in no in- 
ansiderable portion of those materials. Where the 
irgest portion would be gathered would depend on 
re way in which (taking a general view of the 
,'stem) the quantity of material increased towards the 
eighbourliood of the centre. For clearly, while dis- 
mce from the sun would increase the facility with which 
laterials would be gathered in—since the sun’s influence 
ould diminish with distance it would also affect the 
uantity of material available—since, from a very early 
eriod, the system must have begun to show an appear- 
nce resembling that now presented by the zodiacal 
ght—that is, a general increase of density towards the 
.■litre. 

Assuming that the region of maximum aggregation 
as that where the influence of the ruling centre first 
scame so far diminished with distance as to render the 
irmation of a great subordinate aggregation possible, 
e should have the innermost of the ^uter series of 
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itliin its inner division, has its equator inclined but 
>out seven degrees to the mean plane of the system, 
ars, the least member of this system, has an inclina- 
m of no less than twenty-eight degrees; the larger 
rth an inclination of but twenty-three degrees. The 
clinations of Venus and Mercury are undetermined; 
ey may be expected to be large, not merely on ac- 
unt of the smallness of these bodies, but on account 
their proximity to the sun. Of the outer division of 
e system, Jupiter, the largest, has an inclination of 
tie more than three degrees ; Saturn has a very con- 
ierable inclination (more than twenty-six degrees); 
ranus has an inclination which may be described as 
tually greater than ninety degrees, since he rotates 
xkwards with his equator inclined seventy-six de- 
ees to the ecliptic. And lastly, if the observations 
therto made on Neptune’s satellites are to be trusted, 
is planet probably rotates in a retrograde manner, 
s equator being inclined some twenty-six degrees to 
e horizon ; so that, to render the comparison between 
s rotation and that of the other members of the solar 
stem complete, he may be said to rotate in a direct 
anner with his equator inclined some 154 degrees to 
e ecliptic. 

The great inclination and eccentricity of many of the 
teroidal orbits is also accounted for more satisfactorily 
r this theory than by the nebular hypothesis. There 
perhaps no absolute incorrectness in the assertion 
at the smallness of the asteroids explains (on the 
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Another point in which, as I conceive, my hypothesis 
more satisfactory than the nebular one consists in 
? fact that it suggests an explanation of the pecu- 
rities observed in the planetary periods. Professor 
rkwood’s researches into the various relations df 
nmensurability presented among the periods of 
inets and satellites, and the known effects of com- 
msurability in encouraging the accumulation of 
metary perturbations, will at once suggest to the 
ithcmatical reader the way in which a system form- 
y in such a manner as I have imagined might be 
pected to exhibit the presence of law as regards 
stances and periods. There is nothing in the nebular 
pothesis which encourages the belief that a system 
med as Laplace conceived the solar system to be, 
•uld exhibit any such laws as are found within the 
metary scheme. 

The hypothesis I have put forward also gets rid 

what has always seemed to me the great diffi- 
Ity of the nebular hypothesis. According to the 
;ws of Laplace, Neptune must have been formed 
llions of ages before Uranus, Uranus as long before 
turn, Saturn as long before Jupiter, and so on. 
>w we know that the appearance of those primary 
jmbers of the solar system which we are best able to 
idy does not indicate any such enormous dispropor- 
>n in the ages of the planets, even if it does not 
iicate that the planets were formed nearly at the 
nae era. According to my hypothesis, the various 
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flomeration of meteoric and cometie systems, all 
eding witli inconceivable velocities on their inter- 
ug orbits, which I imagine to have been the em- 
on of the solar scheme. But sun and planets are 
wing, however slowly, as the meteoric hail falls 
tinnously upon them; the zodiacal light and the 
ir corona are doubtless due to the existence of 
teoric systems, resembling (however relatively insig- 
oant) those which I have pictured as the materials 
lie planetary scheme. In the Saturnian rings, also, 
icli have been proved by the researches of Maxwell 
l others to consist of multitudes of discrete bodies, 
have evidence of the same sort in the ease of a 
ordinate centre of aggregation. So that we have 
nin of evidence, which was wanting in the case of 
nebular hypothesis, in favour of this other hypo- 
sis, by which, as in Laplace’s, the present state of 
solar system is regarded as the result of a process 
levelopment, and not of special creative fiats. 
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the teachings of known facts. Even so restraining 
rselves, we have in reality a wide and noble domain 
explore. Facts which seem severally unimportant, 
i found, when considered as parts of a grand whole, 
indicate relations so impressive and so interesting 
at the revelations of the telescope within the solar 
item are apt to seem commonplace beside them, 
e have, in fact, no longer to consider the structure 
a system—the architecture of the universe is our 
erne. 

Let us examine carefully the evidence which science 
s gathered together for us, endeavouring at each 
p to gain the full amount of knowledge the several 
its involve, while at the same time cautiously refrain- 
j from any attempt to overstep the bounds indicated 
our evidence. 

In the first place let us consider what may be 
rned from the analogy of the solar system. The 
idy is an inviting one, since the discoveries on which 
are to found our views have been made so recently 
it the subject has all the charm of novelty and fresh- 
ss, while it involves the consideration of the soundest 
i most instructive mode of pursuing our researches. 
We have seen in the solar system a variety and 
nplexity of structure, such as, half a century ago, 
v astronomers would have thought of ascribing to 
When Sir William Herschel began that noble 
■ies of researches amid the sidereal depths by which 
; name has been rendered illustrious, he saw in the 
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is presented to our contemplation. He beheld 
central body, surrounded by a limited number 
, some of which are the centres of subordinate 
s of greater or less extent. When we have 
the ring of Saturn as the only formation dif- 
From planets and satellites in character, and the 
, few and far between, which seemed rather acci- 
tributaries of the sun than regular members 
family, we have considered all the features which 
ar system, as known in Sir William Herschel's 
esented to the contemplation of astronomers, 
th us it is very different. We see that there 
svithin the solar system a variety of size and 
re, of motion, arrangement, and aggregation, 
is already inconceivable, and yet. doubtless but 
shadows forth the real complexity and richness 
scheme swayed by our sun. Perhaps it is in 
sring the solar system in the particular light in 
in this treatise, I have had occasion to present 
this wonderful variety of conformation is made 
trikingly apparent. But, apart from all specu- 
iheories, there can be no doubt that the solar 
presents to us a subject of study amazing in 
but most amazing when we regard it as sup- 
the analogies which are to guide us in forming 
sws respecting the sidereal system. Besides the 
of planets circling round the sun, besides the 
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e solar orb; we see the ring of Saturn composed 
thousands of tiny bodies; we see the meteoric 
stems in countless hosts; we see the comets of our 
leme in millions on millions ; and less certainly, but 
11 not indistinctly, we recognise the existence of &■ 
lltitude of new and hitherto unsuspected forms of 
itter within the circle of our sun’s attraction. 

What opinion then are we to form—even here, at 
3 very outset of our inquiry—respecting the sidereal 
leme of which our sun forms but (In unit ? Surely 
would be to lose sight of the significant lesson 
ight us by the solar system, it would be to forget 
iv sure and safe a guide the greatest of modem 
ronomers found in the teachings of analogy, to 
>pt the same view now which that great astronomer 
>pted a century ago. If, viewing the solar system 
consisting of discrete orbs, comparable one with 
)ther in size, and distributed with a certain 
formity around their ruling centre, Sir William 
rschel held that the sidereal scheme presented 
lewhat similar relations, surely we , who know eer¬ 
ily that the solar system is constituted so differ- 
ly must adopt a far different view of the sidereal 
tern also. 

Let ns remember that there is here—so far as our 
pect and admiration for Sir William Herschel are 
cerned—a choice between two courses. Assuming, 
ndeed is just, that the views of our great men are 
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William; Herscliel formed about facts, or the views 
which, he formed about principles. If we accept his 
opinion (or rather, after all, his mere suggestion), that 
the stars are tolerably uniform in magnitude and dis¬ 
tribution, we must abandon the analogy of the solar 
system. If, on the contrary, we accept Sir William 
Herschel’s often expressed opinion that, in theorising 
about the unknown, there can be no safer guide than 
the analogy of known facts, we must abandon the 
view (which seeme,d to him but probable) that the stars 
are distributed with tolerable uniformity throughout 
our galaxy, and are comparable inter se in magnitude 
and splendour. 

There can be no doubt which course is preferable. 
We know certainly that Sir William Herschel was 
often mistaken, as all men must be, in matters of fact; 
while we know with equal certainty that he owed 
the marvellous success with which he theorised to his 
adoption of the principle that analogy is the chief and 
the best guide for the student of astronomy. 

We are compelled, then, in our very respect and 
admiration for the greatest astronomer of modem times, 
to regard the constitution of the sidereal system as, in 
ail probability, very different from what he imagined. 
We must be prepared to expect an infinite variety 
of figure, of structure, of motion, and of aggregation 
throughout the galactic scheme. If some orbs within 
that scheme seem probably to be suns like our own, 
we must not be surprised to find others which are pro¬ 
bably far larger or far smaller. We may look for 
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ects differing as much from the suns of the sidereal 
tern as the asteroidal zone differs from Saturn or 
tn Jupiter. So that, if we should recognise evidence 
the existence of clusters of minute stars—a whole 
ster, perhaps, not equalling in real importance the' 
st of the suns of the system—we may accept that 
dence without any scruple suggested by the im- 
ibability of the conclusion to which it points. Again, 
may expect to find schemes within the sidereal 
tern, differing as much from discrete stars or star- 
sters as the rings of Saturn differ from the primary 
nets or from the asteroidal zone. So that, if we 
>uld recognise evidence of the existence of relatively 
nute clusters, whose components are either so small 
so closely aggregated as not to be separately visible 
sn in our most powerful telescopes, this evidence 
y fairly be accepted as accordant with the only 
dogy we have for our guidance. Yet once more: we 
y look for systems differing as much from all or- 
lary star-clusters as the excentric and far-reaching 
teor systems differ from the symmetrical rings of 
mrn. So that, if we should find evidence of strange 
ernes within the sidereal system, schemes presenting 
rnge varieties of figure, with strange complexities 
spiral whorls or outlying branches, losing them- 
ves, as it were, in the depths towards which they 
:in to extend—this also need not surprise us: we 
3d not conclude that here, at any rate, we are looking 
fond the bounds of the sidereal system, and gazing 
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guidance teaches us that such structures were 
jpected within the scheme of which our sun is 
onent. And finally, if we should find reason to 
mrselves that there are objects in the depths of 
(hose very substance and constitution are dif- 
'rom those of all other objects within the sidereal 
we need by no means believe that the objects 
igularly constituted belong to or form external 
!. For the millions on millions of comets which 
art and parcel of the solar system present a 
.y analogous difference of structure, as compared 
e other members of that system, 
dng thus replaced the erroneous analogies to 
-through no fault of his own—Sir William 
el was led to look for guidance, by the more 
irthy analogies which the recent progress of 
my has afforded for our instruction, we may 
l to consider the direct evidence we havp 
ing the constitution of our galaxy, 
the first place, let us examine the evidence 
g to the dimensions of the sidereal system, 
it the nearest members of the system lie at enor- 
istances from us is proved by the fact that, as 
th sweeps on her vast orbit round the sun, no 
able change is observed in the configuration oi 
.r-groups. That a circle having a diameter oi 
ban 185,000,000 of miles should be swept out 
r vear as the earth traverses her orbit, and vet 
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iclence we have of the enormous scale on which 
e sidereal system is constructed. And yet this first 
vious fact sinks almost into insignificance when we 
*ard thoughtfully the teaching of modern instru- 
■lital astronomy. There might be a real shifting- 
apparent position which yet the unaided eye would 
1 to detect, and such a change would indicate 
dances so enormous that the mind fails altogether 
conceive their real significance. But the exact 
druments of modem times would exhibit a change 
place far more minute than any which the un¬ 
led eye could recognise. If a star shifted by so 
ich as the ten-thousandth part of the moon’s apparent 
»meter, modern astronomers could assure themselves 
the change of place. And when we remember that 
precisely the same proportion that we increase the 
aetitude of instrumental observation we increase 
o the significance of the stars’ apparent fixity of 
sition, it will be seen at once how astounding is the 
son conveyed by the fact that all but a very few 
leed of the stars remain absolutely unaffected—even 
der the most powerful instrumental examination— 
the enormous range of the earth’s orbital motion. 
We can roughly estimate the distances of the few 
,rs which are thus affected, and thence—on the 
poihesis that the intrinsic brilliancy of their light 
the same as the sun’s—we may form some idea of 
fir dimensions. I shall, however, only apply this 
)cess, in detail, to a single case, because my present 
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ich the sidereal system is constructed than to 
at length on the more exact details which find 
place in ordinary treatises on astronomy, 
te star Alpha Centauri is one of the brightest in 
ravens, Sirius and Canopus alone surpassing it 
mdour. But it was not its exceptional brilliancy 
which led astronomers to regard it. as likely to 
evidence of an apparent change of place corre- 
ing to the earth’s real change of place as she 
3 round her orbit. Of course, the brightest 
tre presumably the nearest; but there is another 
tion of proximity at least equally important. 
>called fixed stars are in reality slowly moving 
is on definite courses—slowly, that is, in appear- 
though in reality their motions are doubtless 
eivably rapid. Now these motions, the proper 
is of the stars, as they are called, are as yet wtry 
understood. We know only that the whole of 
lactic system is astir with life, but whither the 
re severally tending we are not yet able to say. 
0 we know what portion of the stellar motions 
e due to the undoubted proper motion of our 
an through space. This, however, may be iv- 
as certain, that until we know >umething 
:ing the laws which regulate the stellar more* 
we must regard the magnitude of a star * 

1 as probably an indication,of relative proximity, 
sly as a man walking at a great distance from us 
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a star’s motion is diminished in proportion to the 
r’s distance from us. When, therefore, it was found 
it the star Alpha Centauri is moving more rapidly 
m other stars, this fact, combined with the great 
tre of the star, led astronomers to suspect that it' 
ist be comparatively near to us. 

Observations made to determine whether the star 
>ws any sign of an annual change of place corre- 
rnding to the earth’s annual orbital motion, were 
warded by the detection of a very appreciable dis- 
,cement. In fact, owing to the motion of the earth, 
;h year, in a nearly circular orbit 185,000,000 miles 
diameter, the star Alpha Centauri appears to trace 
i each year a minute oval path on the celestial 
lere, the greater axis of the oval being equal in 
gth to about 9 ^oth part of the moon’s apparent 
.meter. 1 

It follows from this, that in round numbers the 
tance of Alpha Centauri from us is about twenty 
llions of millions of miles. The distance of the 
th from the sun shrinks into insignificance beside 
s enormous gap. Even Neptune, though circling 
md the sun at a distance thirty times vaster than 
it which separates us from that luminary, is yet 
itively so much nearer than Alpha Centauri, that 
iun filling the whole orbit of Neptune would ap- 

1 It hardly need be mentioned, perhaps, that this motion being 
eradded to the star’s more considerable proper motion, the path 
ch the star seems really to follow is a looped one, the size of 
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an our own sun. In fact, reducing the total light 
the pair by one-seventh, we find that the primary 
ust still emit nearly three times as much light as the 
n, and therefore the diameter of the star, as thus 
timatcd, would appear to exceed our sun’s in the 
□portion of about 8 to 5. 

We have here, then, clear and decisive evidence in 
/our of the view that among the fixed stars there 
3 orbs which may be regarded as veritable suns 
irthy to be the ruling centres of schemes as noble 
the solar system. For we know quite certainly that 
e greater number of the first magnitude stars are 
ry much farther from us than Alpha Centauri, with 
Lich, however, they are fairly comparable in bril- 
ncy; so that they may be regarded as for the most 
rt at least equal to that star in size and mass. Sirius 
d Canopus, indeed, must far surpass Alpha Cen- 
lri. The latter, though more than thrice as bright, 
hibits no appreciable change of position as the earth 
cles round the sun. Sirius, which is more than 
ir times as bright as Alpha Centauri, shows an 
nual change of position which certainly does not 
eeed one-fourth of that star’s. It is therefore four 
nes farther from us than Alpha Centauri, and, did 
emit no greater amount of light, would appear to 
ine with but one-sixteenth of that star’s lustre. As 
reality it is four times as bright, the real amount of 
;ht it emits must exceed that of Alpha Centauri 
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of Alpha Centauri. We may roughly estimate the 
volume of each at about ^-th of that of the latter 
star. So that, remembering wliat has already been 
shown respecting the relation between Alpha Centauri 

61 Cygni would each have a diameter equal to about 
|£ths of the sun’s, and a volume equal to about y^ths 
of hu. The^suui of their volumes would be therefore 
about one-third of his; and it will presently appear 
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at a perfectly distinct method of estimation tends to 
ow that the sum of their masses bears about the 
me proportion to the sun’s mass. 

But here at once we have evidence that there is a 
:ry wide range of magnitude among the fixed stars, 
e have seen reason to believe that Sirius is 2,688 
ines as large as the sun, while each of the suns 
rming the double star 61 Cygni would appear to 
tve a volume less than one-fifth of our sun’s, and 
crefore less than j^ths of the volume of Sirius. So 
at, by considering only three cases, we have found 
lerably clear evidence of a range of variety in volume, 
minding us forcibly of that which we recognise in 
e solar system. We cannot suppose that these three 
ses, which have been selected at random—so far as 
e question of volume is concerned—indicate anything 
ve the real limits within which the fixed stars differ 
magnitude. So that we may confidently accept, as 
e most probable conclusion from the evidence before 
i, that the range of real magnitude among the fixed 
ars is very far greater than Sir W. Herschel was 
d to anticipate when, nearly a century ago, he began 
s researches into the sidereal system. 

But it is not sufficient that we should thus form an 
timate of the nature of the fixed stars from the 
nount of light they send to us. It is desirable—and 
rtunately it is practicable—to obtain information as 
the absolute mass or weight of some of the fixed 
rrs, and further, to ascertain of what substances they 
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may exist. Mere lights, however glorious, or 
r wide the sphere within which they displayed 
ilendours, would not be fit to sway the motions 
resembling those which circle around our sun. 
uld such lights serve to indicate to the astro- 
that, out yonder, myriads of millions of miles 
the extreme limits of the solar system, there 
aterials suited to form the substance of worlds 
ling our own. 

eems a strange circumstance that astronomers 
be able to form a more exact and trustworthy 
e of the weight of certain fixed stars than they 
ie to form respecting the volume of any of those 

us consider the evidence. 

lave spoken of the star 61 Cygni as a double 
The smaller star shows very clear indications 
tal motion around its primary. That the two, 
ociated together, and not merely seen (as it 
y accident), nearly in the same line of view, is 
certain, because that peculiarly large proper 
already referred to is shared in by both. But 
tars may be physically associated, and yet the 
e really separating them may enormously exceed 
jr which they seem to be separated—since the 
ning them is not necessarily square to the tine 
t. The components of the star 61 Gygni have 
arefullv watched, however, and their motions 
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titrating them is probably about half as large again 
the distance of Neptune from the sun. 

The period of revolution appears to be about 520 
irs, which is more than three times as great as the 
•iod of Neptune. Now we know that a planet, 
ced at a distance from the sun equal to that which 
tarates the components of 61 Cygni, would occupy 
much less period than 520 years in completing a 
’olution; in fact, its period would be about 300 
irs. Hence it follows that the components of 61 
gni are attracted together less forcibly than Neptune 
attracted towards the sun, and therefore that the 
n of their masses must be less than the sun’s mass, 
is easy to compute the actual proportion, and we 
d, on doing this, that the two components of 61 
gni, taken together, weigh about one-third as much 
our sun.' 

The star Alpha Centauri is also a binary system, 
i though it has not been so systematically observed 
61 Cygni, some astronomers believe that its period 
3 been even more satisfactorily determined. Indeed 
;re are peculiarities in the motion of 61 Cygni 
ich, without throwing doubt on the general conclu- 
ns deduced above, yet suggest that a third (probably 
ique) orb affects the motions of the other two. From 
areful comparison of all the observations made in 

1 It may be easily shown that if a pair of bodies circling around 
h other at a certain distance take a certain time T in effecting a 
olution, while another pair at the same distance take a time t. 
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! really bodies of enormous weight, and consequently 
11 fitted to sway the motions of families of planets, 
i conclude, therefore, that the fixed stars generally 
s suras, not mere lights ; and further, we are led to 
tieve that there must be a general similarity in the 
iditions under which these bodies and our own sun 
Lit light. And thus we are led to recognise other 
rs also—though yet unweighed—as massive orbs, 
t merely supplying light to other worlds travelling 
>und them, but regulating by their attractive in- 
ences the orbital motions of their dependent worlds. 
But we owe to the revelations of the spectroscope 
i complete proof of these matters, besides evidence 
other and equally interesting points. 

It had long been known that the spectra of the 
id stars present a general resemblance to the solar 
ietrum, though of course very much fainter; and 
it dark lines can be seen in these spectra, some of 
ich correspond with those in the sun’s spectrum 
ile others seem to be new. So soon as the great 
covery effected by Kirchhoff had been announced, 
(ras seen at once that these dark lines in the stellar 
sctra afford the means of determining the constitution 
the stars. It was only necessary that these lines 
>uld be identified by their correspondence with the 
es belonging to known elements, in order to prove 
it these elements exist in the substance of the star, 
t although the principle on which researches were 
be conducted was sufficiently simple^ many diffi- 



OTHER SUNS THAN OURS. 


229 


by Airy, Secchi, and Rutherfurd to solve the 
n of determining the constitution of the stars by 
of spectroscopic analysis were unsuccessful; and 
not until Mr. Huggins and Professor Miller 
snced their famous series of researches that the 
cn can be said to have been fairly mastered, 
en in the hands of these eminent physicists the 
was difficult and its progress tedious. The 
■r necessary for the successful prosecution of so 
e a method of inquiry does not often prevail in 
riable climate. The comparison between the 
nes in the stellar spectra and the bright lines 
ing to various elements was not only a delicate 
borious task, but was singularly painful to the 
And other difficulties into which I have not 
o enter here had to be encountered and ove*-- 

t undeterred by these difficulties, the two phy.- 
persevered in their researches, and were rewarded 
lilts so interesting and important that their dis¬ 
may be said to constitute the most remarkable 
the history of sidereal research sirc e the eom- 
1 of the star- gaugings of the elder Iierschel. 
o bright stars, Betelgenx, the leading brilliant of 
and Aldebaran, the chief star of Taurus, wer- 
led with special care. Mr. Huggins remark- 
te spectra of these stars are as rich in lines as the 

ifaolf The nbino- of no lo-s than ehd,t v 
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,ees assigned to them in the spectrum of Aide* 
an. 

With respect to the former spectrum, Mr. Huggins 
navies that it is most complex and remarkable. 
;rong groups of lines are visible, especially in the 
1, the green, and the blue portions ’; a peculiarity, it 
y be remarked in passing, which serves to account 
the well-marked orange colour of this star. 

Now here already we have very decided evidence as 
the nature of the star; since the very fact that its 
ctrum presents the same general appearance as the 
ar spectrum proves conclusively that the star is an 
andescent body, whose light comes to us through 
tain vapours corresponding to those which surround 
sun. Nor should we be able to regard the star as 
er than a sun, even though none of the elements 
awn to us should appear to be present in its sub- 
nce or in the vapours surrounding it. For clearly 
have no reason for believing that worlds can be 
med out of those elements only with which we are 
juainted, unless we find as we proceed that those 
ments actually do compose the suns which form the 
ereal system. Of course, if this shall appear to be 
case, our conclusions respecting the nature of the 
rs will be very much strengthened. 

Now, when Professor Miller and Mr. Huggins corn¬ 
ed the lines in the spectrum of Betelgeux with 
bright lines of certain terrestrial elements, they 
nd that some of these elements do actually exist 
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sium, calcium, iron, and bismuth are present in 
eux. The lines of hydrogen, which are so well 
d in the solar spectrum, are not seen in the spec- 
>f Betel geux. We are not to conclude from this 
ydrogen does not exist in the composition of the 
We know that certain parts of the solar disc, 
examined with the spectroscope, do not at all 
exhibit the hydrogen lines, or may even present 
as bright instead of dark lines. It may well be 
1 Betelgeux hydrogen exists under such condi- 
;hat the amount of light it sends forth is nearly 
lent to the amount it absorbs, in which ca«e its 
teristic lines would not be easily discernible. In 
t is important to notice generally that while 
can be no mistaking the positive evidence 
;d by the spectroscope as to the existence of 
leinent in sun or star, the negative evidence 
ed by the absence of particular lines is not to 
urded as decisive. 

the c&se of Aldebaran the t'wg physicist, w«-re 
o establish the existence of sodium, magne-ium, 
ren, caQsiurn, iron, bismuth, tellurium, ant-inn my, 
tercury in the vapours surrounding the star. 

■sides these stars fifty others were examined, 
brilliant Sirius exhibits a spectrum of gre.it 
j, though the low altitude which this star attain- 
• latitudes renders the observation of the finer 
exceedingly difficQlt.^But the two physicists 
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All the stars examined exhibit spectra crossed by 
merous lines, and in a great number of the spectra 
les belonging to known terrestrial elements were 
tected. 

And now let us consider the general bearing of 
ese interesting discoveries. 

Tn the first place, we are forced to recognise in 
e stars real mns , not mere lights. Doubtless Whe- 
11 did well in pointing out that astronomers had 

right to regard the stars as suns until they had 
ne evidence that these orbs resemble the sun in 
ler respects than in size, mass, or luminosity. And 
in his day it appeared altogether unlikely that such 
idence should be obtained, a real limit seemed placed 
the speculations which men might form as to the 
istence of other planetary systems besides those 
cling around the sun. 

But now we have precisely that evidence which 
hewell required. We see that the stars are consti- 
ted in the same general way as the sun, and that 
•ther they even contain elements identical with those 
lich exist in his substance. There is Eg>t indeed in 
sry case, perhaps there may not be in any case, an 
ict identity of composition between the stars and our 
□ , or between star and star. But this was no more to 
ve been looked for than an exact identity of physical 
bitudes amongst the members of the solar system, 
lat general resemblance^f structure which indicates 
general resemblance in the purposes which the celes* 


OTHER SUNS THAN OURS. 233 

t when we compare the stars either with our sun 
1 each other. 

lave already spoken of the conclusions to be 
from the existence of the same materials in the 
ace of the sun that exist around us on this earth. 
i shown that we are compelled to regard this 
.1 resemblance of structure as sufficient to prove 
le other planets resemble the earth, since we 
ao reason to believe that our earth bears an 
ionally close resemblance to the sun as respects 
iments of which she is composed, 
ice, then, we have reason to believe that all the 
1 which circle around the sun are constituted of 
ne materials which exist in his substance, though 
materials are not necessarily nor probably cous¬ 
in the same proportions throughout the solar 
1, we have every reason which analogy can give 
believing that the planets circling around Betel • 
r Aldebaran are constituted of the same material-’ 
exist in the substance of their central luminary, 
us we are led to a number of interesting eon- 
is even respecting orbs which no telescope that 
in construct is likely to reveal io his scrutiny, 
istence of such elements as sodium or calcium 
le other worlds suggests the prolahle existem, 
familiar compounds of these metals-—soda, salt, 
nd the rest. Again, the existence of iron amt 
uetals of the same class carries our minds to the 
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:ognise that the orbs circling around those dis* 
it suns are not merely the abode of life, but 
it intelligent creatures, capable of applying these 
dais to useful purposes, may exist in those worlds, 
s need not conclude, indeed, that at the present 
>ment every one of those worlds is peopled with in- 
ligent beings, because we have good reason for be- 
ving that throughout an enormous proportion of the 
le during which our earth has existed as a world no 
elligent use has been made of the supplies of metal 
isting in her substance. But that at some time or 
ler those worlds have been or will be the abode of 
elligent creatures seems to be a conclusion very 
rly deducible from what we now know of their 
ibable structure. 

But secondly, apart from the information afforded 
the spectroscope respecting the materials of which 
3 stars are composed, the nature of the stellar spectra 
ves to prove most conclusively that the stars, besides 
iplying light to the worlds which circle around them, 
liate heat also to them. Even if we were not cer- 
n that elements which are only vaporised at a very 
rh temperature exist in the vaporous envelopes of 
; stars, yet the very nature of the light sent out by 
; stars indicates that these orbs are incandescent 
■ough intensity of heat. When we find that the 
jctrum of the moon’s light resembles the solar spec¬ 
ial, we do not indeed conclude that the moon is as 
enselv heated as the sun. because we know that the 
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ms bodies like the stars, we can conclude from 
!ry nature of their spectra that these orbs axe 
elv heated. Of course we are rendered abso- 
certain of this when we find that iron and other 
exist in the form of vapour in the stellar atmo- 

e vast supplies of heat thus emitted by the stars 
lly suggest the conclusion that there must be 
around these orbs for which those heat-supplies 
Ltended, but point to the existence in those 
; of the various forms of force into which heat 
>e transmuted. We know that the sun's heat 
1 upon our earth is stored up in vegetable 
nimal forms of life ; is present in all the phe- 
1a of nature—in winds, and clouds, and rain, 
mder and lightning, storm and hail; and that 
he works of man are performed by virtue of the 
heat-supplies. Thus the fact that the stars send 
heat to the worlds which circle around them 
sts at once the thought that on those world' 
must exist vegetable and animal forms of life ; 
tatural phenomena, such as we are familiar with 
■ to the solar heat, must be produced in those 
i by the heat of their central sun; and that 
such as those which man undertakes on earth 
ks in which intelligent, creatures use Nature 1 ' 
s to master Nature to their purposes—may go 
the worlds which circle around Aldebaran and 
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Recently it has even been found possible to render 
ie stellar heat sensible to terrestrial observation—by 
ethods which need not here be inquired into. Nay, 
ie task of measuring the amount of heat received 
Dm certain stars has not been thought too difficult, 
'r. Stone, making use of the powers of the great 
(uatorial of the Greenwich Observatory, and inge- 
ously overcoming the numerous difficulties which 
dst in a research of such exceeding delicacy, has 
rived at the conclusion that Arcturus sends us about 
much heat as would be received from a three-inch 
ibe full of boiling water, and placed at a distance 
383 yards. Vega, which shines, according to Sir 
Herschel, with about two-thirds the light of Arc- 
rus, gives out about the same proportionate amount 
heat. 1 But in other instances the heat-giving 
iwer of a star has not been found proportional to the 
aount of light it emits. 

’ Although these results cannot yet be regaided as numerically 
act, it may be interesting to consider the amount of heat given 
t by Arcturus in relation to the light sent us by this star, the 
>re so as this star seems (from the nature of its spectrum) to re- 
nble the sun very closely in constitution. 

The light sent to us by Arcturus is equal to about three-fourths 
that supplied by Alpha Centauri, or about 21^00.000,000^ P art °f the 
ht we receive from the sun. Now Mr. Stone estimates the direct 
ating effect of Arcturus at 0°-00,000,127 Fahrenheit, making 
e allowance for the effect of the object-glass in concentrating 
i absorbing the heat. It will be seen at once that, according to 
s estimate, the heating power of Arcturus bears a very much 
;ater proportion to that of the sun than the respective light¬ 
ing powers of the luminaries bear to each other. This seems 
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forma a new bond of association between the stars 
and the sun—which we have seen to be in reality a 
variable star—and suggests interesting inquiries as 

Some of the stellar variations of light are so much 
more marked than those noticed in the case of our 

endure the effects of ccfrrespondingly important varia¬ 
tions of heat; nay, in some instances we seem com¬ 
pelled to withhold our belief in the existence of 
habitable systems around certain fixed stars. The star 
Eta Argus, for example, which sometimes blazes out 
with a light surpassing that of any of the stars in the 
northern hemisphere, while at other times it falls to 
the sixth magnitude, can hardly be regarded as fit 


out in the Northern Crown, because in a caJ of this 
sort the star may be regarded as really a small orb, 
and its sudden lustre as due to some exceptional 
occurrence, leading (as the spectrum of the star 
seemed to show) to a temporary conflagration. But 
Eta Argils, and Mira Ceti seem to belong to a dif¬ 
ferent category altogether, since it is probable as 
respects the former, and certain as respects the latter, 
that their appearance as stars of the leading magni- 
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It remains only to be mentioned that, besides light 
cl heat, the stars emit actinic rays. This is proved 
cisively by the fact that the stars can be made to 
otograph themselves. It has been found, however, 
at the actinic power of a star, like its heat-giving 
wer, is not by any means proportional to the star’s 
;ht. So that in this respect, as in the material 
□stitution of the stars, we find specific varieties even 
lid those very features which indicate most strikingly 
e general resemblance which -exists between the suns 
astituting the sidereal system. 

To sum up what we have learned so far from the 
idy of the starry heavens—we see that, besides our 
n, there are myriads of other suns in the immensity 
space ; that these suns are large and massive bodies, 
pable of swaying by their attraction systems of 
irlds as important as those which circle around the 
n; that these suns are formed of elements similar to 
ose which constitute our own sun, so that the worlds 
dch circle round them may be regarded as in all 
obability similar in constitution to this earth; and 
at from these suns all the forms of force which we 
ow to be necessary to the existence of organised 
ings on our earth are abundantly emitted. It seems 
isonable to conclude that these suns are girt round 
dependent systems of worlds. Though we cannot, 
in the case of the solar system, actually see such 
>rlds, yet the mind presents them before us, various 
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CHAPTER XI. 

3F MINOR STARS, AND OF THE DISTRIBUTION 
OF STARS IN SPACE. 

3 been so long a received opinion that a general 
mity of magnitude and distribution characterises 
ellar system that it is with some diffidence I 
re to express a different view. And here let me 
3 misunderstood. I am fully sensible that it is 
n certain popular treatises of astronomy that a 
in anything like a real uniformity of structure 
s sidereal system is attributed to astronomers of 
•ity. It is not any such imaginary theory that 
3 now to deal with, however ; but with opinions 
have found a place in the works of astronomers 
vhom I very unwillingly differ, 
iropose to exhibit the reasons which have led me 
:eve that, so far from knowing the real figure of 
lereal system, astronomers have not been able to 
•ate to its limits in any direction; that leading 
such as those discussed in the preceding chapter, 
stributed throughout space to the very farthest 
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s arranged in groups and clustering aggregations, in 
earns and whorls and spirals, in a manner altogether 
> complex for us to hope to interpret; and that in 
;se aggregations stars of all degrees of real magni- 
le are mixed up, from suns as large as Sirius down 
orbs which may be smaller than any of the primary 
nets of the solar system. 

Let us consider step by step the evidence we have 
these points. 

We know, from the existence of double, triple, and 
iltiple stars, in which the components are often very 
equal in splendour, that combinations of stars exist 
which one or two may be suns like our own, while 
s rest, or some of the rest, are relatively minute, 
is, however, has of course long been known ; and it 
only as a preliminary step in the investigation that 
iere advance so trite an instance. 

Next let us consider such star-clusters as contain 
is of the eighth or ninth magnitude, besides a mul- 
lde of minute stars. These clusters must of course 
regarded as lying within the sidereal system, since 
external galaxies could reasonably be supposed to 
itain orbs so infinitely transcending even Sirius in 
gnitude as to shine from beyond the enormous gap 
larating us from such galaxies with a light exceed- 
; that derived from many stars within the sidereal 
tern. Now, regarding these clusters as forming 
t and parcel of the sidereal system, we find in the 
stence of multitudes of minute orbs within their 
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dated stars is to be regarded as a feature of 
parts, at any rate, of our galaxy ; and we shall 
re be the less surprised if we should find reason 
eving that it is a characteristic peculiarity of 
actic system. 

' with regard to the nebula (resolvable and irre- 
;), and their claim to be regarded as external 
3,1 shall have much to say farther on; but I 
nark in passing that we have precisely the same 
for believing that many of these objects lie 
the range of the solar system, as have been 
considered in the case of star-clusters. Their 
ent stars, to be visible at all, must fall within 
ge of distance which astronomers have assigned 
boundaries of the galaxy, since some star s even 
this range cease to be separately visible in the 
rwerful telescopes man has yet constructed. So 
len in these objects we see a few or many dis-. 
irs, and a mass of nebulous light which we judge 
;ed from an indefinitely large number of minute 
e again have very decided evidence of the fact 
one and the same region of the sidereal >ystein 
ray exist leading stars (so to speaki and innu- 
i stars relatively minute. 

.h considerations such as these (and I might add 
thers) to guide us, let us proceed to examine 
ehings of the Milky Way itself, that we may 
ether that wonderful zone indeed represents, as 
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>arately, in comparison with our sun or Sirius, Aide- 
•an or Betelgeux, Vega or Arcturus. 

The star-gauging of Sir W. Herschel, interpreted 
lording to his hypothesis of stellar distribution, 
nted to an extension of the Milky Way laterally 
a distance exceeding some eighty times that which 
>arates us from the first-magnitude stars. So that, 
;arding sixth-magnitude stars as on the average 
>ut ten times as far from us as those of the first 
gnitude (the usual estimate), we see that theouter- 
ist parts of the galaxy must lie (according to Sir W„ 
rschel’s theory) about eight times as far from us as 
; sphere of the sixth-magnitude stars. Now Sir 
m Herschel was led by his observations of the 
ithem heavens to so far modify his father’s theory 
to describe the Milky Way as probably shaped like 
lat ring, the stars down to the tenth magnitude 
ng in a sense dissociated from the ring, while he 
;arded the probable distance of the outermost limits 
the ring as 750 times instead of but 80 times the 
an distance of the first-magnitude stars. This 
ference of opinion, it may be remarked, though 
riously not surprising when we consider the enor- 
us difficulty of the problem presented by the sidereal 
tern, is yet sufficient to indicate the probability that 
important error has been made in the hypothesis 
ich underlies the accepted theories respecting the 
axy. But, be this as it may, in regarding the Milky 
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•rsehel’s theory that the Milky Way forms a cloven 
’ 0 , let ns consider whether any peculiarities of the 
ilky Way seem to oppose themselves to this inter¬ 
cut ion of its structure. 

In the first place, then, there i6 a gap or rift ex- 
iding right across the single part of the Milky Way 
the constellation Argo; so that we must conceive 
it from S towards ], in tig. 2, the Hat ring is broken 
rough by some such rift as is indicated by the broken 
es in that direction. Next there is, in the constella- 
n Crux, a pear-shaped vacuity of considerable size, 
d bounded by well defined edges; so that we must 
iceive that* from >S towards 2 (fig. 2) the flat ring 
tunnelled through by some such passage as is indi- 
;ed by the dotted lines in that direction. A similar 
melling, but of different cross-section, must exist in 
ection S 3 (as shown by the dotted lines) to account 
the dark gap in the constellation Cygnus. Next, 
ere the Milky Way is double, a large portion of one 
inch is discontinuous, so that the upper part of the 
able portion of the ring in fig. 2 must be supposed 
noved between the broken lines from S to 4 and 5. 
er the so-called double stream there are in places 
ange convolutions, in others numerous branching 
1 interlacing streams, whose complexity indeed 
ies description; so that the portion 3 B 2 of the 
g must be supposed corrugated in the strangest 
y, and further to throw out plane and curved sheets 
stars presented tangentially towards, S. Lastly s 
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Is 6, so that here we must conceive its figure 
ed in upon in the way indicated by the dot-and- 

ius, even without considering a multitude of 
er peculiarities of structure, we are led to the 
sionthat the Milky Way, judged accordingto the 
nental hypothesis of Sir W. Herschel, has some 
shape as I have endeavoured to exhibit in the 
panying figure. Although I have not indicated 



ie Galactic Flat King modified in ac< 
the observed peculiarities of the iliik, 


he corrugations of the ring, nor a tithe of the 
s overlapping layers which would be required to 
it for the appearance of the Milkv Way between 
urus and Ophiuchus, yet the deduced figure is 
means inviting in its simplicity. It is, however, 
.tely certain that the sidereal system, as far as its 
densely aggregated star-regions are concerned, 
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Now, in turning our thoughts to the recognition of 
nore simple explanation of observed appearances, it 
11 be well that we should consider some peculiarities 
the Milky Way which we have not yet attended to. 
the first place, I would invite attention to a pecu- 
rity observed by Sir John Herschel in different 
rts of the galaxy—the fact, namely, that in places 
3 edge of the Milky Way is quite sharply defined, 
le half of a telescopic field of view may be quite 
ar of stars, or show only a few straggling orbs, 
ile the other half presents what has been called a 
lilky Way field ’—that is, a region profusely sprinkled 
th stars, the boundary between the two portions 
mg well defined. When we see that a cluster of 
jects presents a well-defined edge, what conclusiorf 
we draw as to the position of tile object ? Is it not 
such a case absolutely certain that the distance of 
j cluster enormously exceeds the distance between 
component parts—or in other words, that the 
server is far outside the cluster? Many instances 
[1 at once suggest themselves to the reader in illus- 
ition of this remark. 

We conclude, then, that these portions of the Milky 
ay, at any rate, whether they be regarded as projee- 
ms or nodules, are definite clustering aggregations 
ry far removed from us. Other parts of the Milky 
ay may also be removed bodily, so to speak, to 
ormous distances, because a cluster which has not 
lefinite edge may be as far removed §.s one which 
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Jest let ns consider what opinion we may found 
le existence of dark regions in the Milky Way; 
here I refer not merely to such large and obvious 
ities as the Coal-sack in Crux or the oval opening 
jrgnus, but also to small openings, in which, t hough 
occur even in rich regions of the Milky Way, 
3 is not, according to Sir W. Herschel’s descrip- 
even a telescopic star to be seen, 
udged apart from preconceived opinions, such open - 
as these, according to all laws of probability. 
:ate that the portion of the Milky Way in which 
occur has not a very great lateral extension. To 
•11 for a moment to fig. 2, it will be seen at once that 
perture extending laterally through a star system 
laped must have a particular direction and be 
;ctly straight in order to be visible to observe}' 
;d, as we are supposed to be, in the central open- 
It is altogether improbable that one such open- 
should exist by accident, and absolutely impos-iV'i 
many should. 1 We are forced, therefore, to infer 
, instead of the enormous lateral extension assigned 
he Milky Way, the galaxy has in these places 
dnly, and elsewhere probably, a lateral extension 
greatly exceeding its depth. 

t is further to be noted that the lucid slats nwr 

Sir John ilersehel distinctly indicated tbs- infennic. a- 
lany other matters which make strongly agaiust the i 

y of the sidereal system. Nor was he uncon'i-mus of lin i¬ 
ng. Apparently unwilling to press them to t'etr full 
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he zone of the heavens which is occupied by the 
pilaxy show a very decided preference for the parts 
>f that zone which are actually traversed by the Milky 
Way. For instance, we tind no stars above the fifth 
nagnitude, and very few of these in the Coal-sacks, or 
n the rift which crosses the Milky Way in Argo ; or, 
igain, in the space which lies between the two branches 
vhere the Milky Way is double. If this is an accident 
t is a very extraordinary one, especially when it is 
•emembered that the region where it occurs is the very 
airt of the heavens where stars of all magnitudes may 
re expected to be most profusely distributed; that the 
spaces thus left vacant form no inconsiderable aliquot 
rart of that zone ; and that, according to the accepted 
theory, there is no reason for expecting any peculiarity 
){the sort. 

Thus, again, setting aside preconceived opinions, 
md judging only according to the evidence, we seem 
ed to regard the coincidence as not accidental, but 
is indicating that there really is a very close as¬ 
sociation between the bright stars and those small 
stars forming the milky light, which, according to 
die accepted theory, lie so many times farther from 
is. 

But this opinion is absolutely forced upon us when 
sve apply a rigid process of examination to the evidence 
we have respecting the distribution of the lucid stars 
Dver the galactic zone. So far as I am aware, this has 
not hitherto been attempted. Indeed, independently 
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:ribe it to mere chance distribution. 1 Where, then, 
the cause, unless we accept the obvious and simple 
Variation that the Milky Way seems to be thus 
ociated with lucid stars because it is associated with 
sm—that in place of being, as has so long been 
jposed, a congeries of suns many times more distant 
n the lucid stars, it is formed of myriads of rela- 
ely minute orbs compared with which those lucid 
rs are as the giant planets of our solar system corn¬ 
ed with the asteroids ? 

It is very clear, then, what views we are to form 
pecting the Milky Way. If the galaxy is, first, 
clustering aggregation separated from us by an 
erval comparatively clear of small stars; secondly, 
shaped that the cross-section of the stream is every- 
ere not far from a roughly circular figure; and 
rdly, associated very closely with the bright stars 
n in the same field of view, then must its struc- 
e be somewhat as shown in fig. 5, in which the 
cs represent lucid stars (very much exaggerated 
course in size), while the fine dotting represents 
i spiral of relatively minute stars, clustering along 
! spiral group of leading stars. It will be seen 
once how, to an observer placed at S, the various 
tures of the Milky Way can be accounted for 

this figure. Towards a would lie the gap in 

If the clouds of a summer sky arrayed themselves in rank and 
so as exactly to correspond to the panes of the window through 
ch I view them as I write, I should not regard the coincidence 
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Argo; towards b two branches, one faint, and in part 
evanescent through vastness of distance, the other 
forming the brightest part of the spiral; towards d 
the projection in Cepheus; towards e the faint part 
of the Milky Way in Gemini and Monoceros. The 
Coal-sacks would be simply accounted for by con¬ 
ceiving that branches seen towards the same general 
direction, but at different distances, do not lie in the 
same general plane, and so may appear to interlace 



Fig. 5.—The Milky Way regarded as a Spiral. 


upon the heavens. We are not only justified in sup¬ 
posing this, but forced to do so by the way in which 
the stream of milky light is observed to meander on its 
course athwart the heavens. The branching exten¬ 
sions serve very well to account for the appearance of 
the Milky Way between Centaurus and Ophiuchus, 
where the interlacing branches and the strange con¬ 
volutions and clustering aggregations described by 
Sir John Herschel are chiefly gathered. 

I would not have it understood, however, that I at 
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I insist on the general shape of the spiral shown 

fig. 5. On the contrary, that curve is only one 

it of several which might fairly account for the 
iserved appearance of the Milky Way; and I have 
ten felt inclined to doubt whether a single spiral of 
is sort is in reality the best way of accounting for 
e observed appearance of the galactic zone. What 
do insist upon as most obviously forced up6n us 
' the evidence is that (1) the apparent streams 
lined by the Milky Way upon the heavens indi¬ 
te the existence of real streams in space; and (2) 
at the lucid stars seen on the stream are really 
sociated with the telescopic stars which form, so to 
eak, the body of the stream. W T hether that stream 
rm a single spiral or several, or whether, instead of 
drals, there may not he a number of streams of 
ifdl stars, placed at different distances from us, and 
ing in all directions round the medial plane of the 
iaxy, but more or less tilted to that plane (the sun 

I I lying within any one of the streams), are questions 
lieh can only be resolved by the systematic scrutiny 
this wonderful zone. 

The chief points to be noticed among the considera- 
ms flowing from these general views are these:— 

In the first place, the only marked difference be- 
een the stars of the leading magnitudes (say the 
st ten) lying in the galactic zone, and those lying 
thout it, consists in the fact that the former are 
sociated with countless multitudes of gmaller stars, 
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> many of them. We shall see presently that the 
■galactic stars are associated, and in a very in- 
e manner, with groups of very minute stars—of 
so minute indeed as not to be separately dis- 
Dle—so that astronomers have been led to regard 
groups as external galaxies. But except in one 
1, we do not find outside the galactic zone any 
,ranees reminding us of the aspect of the Milky 
itself. In that region lie the two Magellanic 
is, resembling the Milky Way in their general 
ranee, but seen, when placed under telescopic 
ny, to differ from it in this, that among the 
te stars which cause the milky light are numbers 
bulae, of classes not found commonly, if at all. in 
alactic zone. 

1 the second place, we must conclude that un- 
ed millions of stars exist which are very minute 
d in comparison with those which we have been 
5 regard as suns. That these relatively minute 
nay be absolutely large—far larger, for instance, 
jur own earth—may indeed be accepted as certain, 
t is difficult to believe that they subserve pur- 
similar to those of our own sun. One cannot 
ee that orbs such as these would not have that 
mence of character, as sources of h.-at-supph, 
l would seem to be necessary in the case of a real 
We know, indeed, that among the small stars 
e Milky Way there is a proneness to irregular 
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r>d of the Milky Way, with scarcely an exception, 
ise temporary stars have blazed out which have 
med a subject of such perplexity to the thoughtful 
ronomer. Under what conditions the small orbs in 
i Milky Way actually exist, whether clusters of 
;m will eventually segregate from their neighbours to 
m suns, or whether, after tong voyaging in spiral and 
itorted paths under the varying influences of the 
ractions of leading stars, these minute orbs will, for 
5 most part, be forced to settle down as attendants 
md the major ones, it is as yet altogether impossible 
judge. It may be that they bear the same sort 
relation to the leading stars that certain cometic and 
iteoric families, referred to in Chapter IX., bear to 
i major planets of the solar system, not being in any 
e absolutely dependent on any large star, but yet 
urning in cycles, which must be measured by 
llions of aeons, to temporary dependence on one sun 
er another; until in the course of time, under the 
ion of processes somewhat resembling those I have 
iceived to take place in the formation of the solar 
tem, the conditions under which they move will 
/e become so far altered as to lead to the breaking 
of the Milky Way into distinct systems. Indeed, 
Sir William Herschel was led by other considera- 
ns long since to point out, there are signs in parts 
the Milky Way which would seem to indicate that 
eral such systems have already reached an advanced 
ge of development. 
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ble from the circumstances I have dwelt upon 
iming my interpretation of them to be in the main 
set) is this, that we can no longer suppose we 
! in any direction pierced to the limits of the 
real system. So long as a general approach to 
brmity of distribution was understood to prevail 
in that system, there was a ready means of deter- 
ing when the telescopist had reached in any given 
jtion the limits of the system. To use the words 
rofessor Nichol, ‘When an eye is directed towards 
olonged bed of stars, there is no reason to fancy 
it has reached the termination of that stratum so 
as there appears behind the luminaries which are 
pidually seen any milky or nebulous light; such 
i probably arising always from the blended rays 
moter masses. But if, after struggling long with 
bulous ground, we obtain a telescope that gives us 
tional light with a ■perfectly black sky , we then have 
y reason the circumstances can furnish on behalf 
tie supposition that at length we have pierced 
ugh the stratum ; a probability, indeed, which can 
inverted into certainty in only one way—viz 

I no increase of orbs follows on the application of 

II larger instrument.’ Sir John Herschel has ex- 
sed a similar view, and there can, indeed, be no 
it that, adopting the fundamental hypothesis on 
h accepted views are founded, the test above 
•ibed is an absolutely certain one. 
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ound ’ (to use Professor Nichol’s striking but some- 
rat incorrect expression), we have in reality only 
en searching with more and more minuteness into a 
ifinite cluster or stream of stars, we can no longer 
me to the conclusion he has insisted upon. We 
ive reached the limits of minuteness which the stars 
the cluster or stream attain to; we have learned 
irhaps all that we can learn about that cluster or 
ream; but we can no more be said to have reached 
e limits of the sidereal system in that direction than 
i can be said to have reached the outermost bounds 
the universe in the direction of the cluster in 
ercules, when that magnificent object has been 
oroughly resolved with the telescope. 

Here, then, if I have seemed to narrow the limits 
the sidereal system by bringing the star-myriads of 
e Milky Way, which had been regarded as many 
nes farther from us than the lucid stars, into direct 
sociation with these luminaries, I make amends by 
anting out that in all probability the limits of the 
lereal system lie far beyond the range of the most 
twerful telescopes man has yet constructed. In fact, 
ere is here a somewhat singular interchange of posi- 
>n between the new and the accepted theories. Ac- 
rding to the views usually accepted, the small stars 
the Milky Way are really as large, on the average, 
the lucid stars; whereas, according to my views, they 
e relatively minute. But accordirg to the accepted 
eories, the scattered stars of very low piagnitude in 
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'sties of the phenomenon for any doubt to remain 
o its reality. The faintest possible stippling of the 
d of view—the minute points of light being obviously 
■v ; , though it was impossible to see them individually 
i mottling which moved with the stars as he moved 
tube to and fro, such are the terms in which Sir 
m Herscliel speaks of this interesting phenomenon. 
Now no doubt whatever can exist that if these 
it streams really belong to the sidereal system they 
left altogether unaccounted for by the ordinary 
ws respecting the structure of that system. There 
10 continuity between the stars composing them and 
n the minutest telescopic stars visible in the same 
leral direction; so that a vast void must separate 
m from the outermost of those telescopic stars. Ac- 
ding to my theory, they probably belong to outlying 
iris of the spiral galaxy, and the telescopic stars 
n upon them bear the same relation to them that 
lucid stars bear to the Milky Way. 

The second point is perhaps even more striking. In 
tain directions Sir John Herschel recognised the 
stence of two or more distinctly marked classes of 
rs, as though, he said, definite sets of stars, sepa- 
ed by comparatively void intervals, lay in those 
actions. It is clear that this association of the 
rs into sets is as distinctly opposed to the views 
inarily accepted as it is obviously an arrangement 
be expected according to my theory of the constitu- 
a of the sidereal system. 
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Nut while ray larger atlas was in progress this 
niim grew into conviction. In some of the maps the 
encss of certain regions contrasted so strangely with 
■ richness of others as to give an unfinished appear¬ 
ed to the work. I determined that as soon as I had' 
rare 1 would combine in two large maps of herni- 
icres the twelve maps of my atlas, in order to see 
at the real relations might be which were only 
tially indicated in maps covering but a tenth part of 
s heavens. 1 I selected for this purpose a mode of 
jection described in my ‘ Hand-book of the Stars,’ 

. first suggested, I have since found, by Sir John 
rschel. It represents equal areas on the celestial 
lere by equal areas in piano ; so that, though there 
considerable distortion, the real relative richness of 
? erent regions of the stellar heavens is accurately re¬ 
sented. The accompanying large plate represents 
jduction of the maps thus constructed. 

L leave the exhibition of minor peculiarities of 
liar distribution — star-streams, star-reticulations, 
r-clusters, and so on—to the maps themselves, which 
l, I think, be found to well repay careful study. But 
pplied to the original maps a further process of in- 
tigation in order to deduce the real characteristics of 
i rich and barren regions I had noticed while con- 

nsider, too, that where so many dots were marked in, one trial 
as good as a large number. 

1 The maps o£ my atlas overlap each o£ the twelve, including a 
;h part of the celestial sphere. The reader may perhaps be sur- 
ed that the peculiarities I refer to should not have been noticed 
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ier half. I call these the poorer northern regions 
ind II. 

0—10. Two corresponding southern regions, one 
upying the upper right-hand quadrant of the, 
them map, the other occupying the lower quadrant 
the same side. These I call the poorer southern 
ions I. and II. 

Lastly, I take the northern and southern portions of 
Milky Way, and the gaps and lacunae in the Milky 

■y- 

Having selected these regions for comparison, 1 and 
died to them separately ‘ the scissors and balance ’ 
t, I have deduced the following results:— 


Name of Region 

hemisphere, as 1) 

Kumber 

of^ucid 

Richness 

(Averages 

5,850) 

ORTHERN— 




Milky Way . 

¥ 

497 

9,940 

Richest Region 

622 

9,050 

Rich Central do. 

¥ 

I 

1,420 

6,248 

Outer do. ... 

1,070 

3,923 

Poor do. (I.) . 

201 

2,948 

Do. do. (II.) . 

A 

176 

2,667 

aps in Milky Way . 

A 

20 

1,240 

3UTHBRN— 




Poor Region (I.) 

A 

161 

2,361 

Do. do. (II.) 


216 

3,198 

Outer do. 

f 

896 

3,672 

Rich Central do. 

l 

2,467 

9,868 

Richest do. 


896 

13,126 

Milky Way 

To 

618 

13,596 

Iky Way as a whole 

Ahths of sphere 

1,116 

11,681 
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tion whether such peculiarities of stellar arrangement 
may not be regarded as due to ehanee-distribution 
remains to be considered. 

It has been so often urged that amongst a very 
large number of stars such peculiarities might be looked 
. for that many will be disposed to dispute the assertion 
that uniformity, not peculiarity of distribution, is to 

over any surface according to true chance-distribution. 
Yet so it is. The laws of probability tell us that 
wLcreas among a few such points peculiarities need not 
surprise us, uniformity of distribution will inevitably 
•ppoar where there are mauy prints, unless some spe¬ 
cial law is in operation to prevent such a result. 1 

To illustrate the amazing weight of probability in 
favour of the existence of laws of aggregation and 
segregation among the lucid stars, I will state the result 
of a process of calculat ion I have applied (in accordance 
with the recognised laws for determining probabilities’) 
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it has been called, the universe of universes), as con¬ 
ceived by Sir W. Herschel, is well known. Now, the 
probability that the observed relation results from, 
chance-distribution ismany millions of times less them 
the chance of drawing one particular grain, smaller 
many million-fold than the minutest object visible in 
the most powerful microscope and lying within a space < 
compactly filled with similar grains, and large enough 
to enclose many millions of the universes of universes. 

The probability that the more remarkable relations 
presented by the richest and poorest smaller regions re¬ 
sult from chance5fistribution is indefinitely more minute 
even than this inconceivably minute probability. 

But since the above lines were written I have gon% 
much further with the illustration of this matter by 
star-charting. For I have combined in a single chart 
all the forty large folio charts of Argelander’s Atlas, 
containing no less than 324,198 stars, all presented on 
the same isographic projection as the accompanying 
chart. In this map of many stars, the place of the 
Milky Way is actually ‘ mapped in ’ by the stars them¬ 
selves, not as here, by a separate indication. I would 
refer those who desire fuller information respecting the 
arrangements of the stars in space to this chart and its 
explanation (published by Mr. Brothers, of 14 St. 
Ann Square, Manchester). 

The evidence in favour of special laws of stellar 
distribution is, however, far from exhausted. 1 

• Indeed, I am unable, within the space hers available to 
me, even to touch on a tenth part of the evidence I have gathered 
together in my note-books and portfolio of charts. 
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Quite early in my consideration of the snbject. I am 
now upon, the idea suggested itself to me that in the 
proper motions of the stars we have a means of forming 
an estimate of the distances of these orbs; and further, 
of detecting any laws associating them together, 
whether into streams or clusters ; and that the evidence 
•thus obtained was likely to be in many respects more 
trustworthy than that afforded by the apparent magni¬ 
tudes of the stars. Two processes of inquiry suggested 
themselves. The first consisted in a careful comparison 
of the mean motions of stars of different apparent size, 
in order to determine whether, on the' average, small 
stars are so far off that we can look upon them as in 
reality no smaller on the average than those which 
appear larger. The second consisted in charting down 
the proper motions, so as to detect any signs of star- 
drift which might haply appear in different parts of 
the heavens. I confess that I had not by any means 
expected results so strikingly confirmatory of my views 
hb those I actually obtained. 

The first method of inquiry, instead of giving an 
average amount of proper motion to the smaller stars 
somewhat, or perhaps even considerably, greater than 
was to be expected, according to the theory which seta 
these stars at an enormous distance, actually gave 
them a mean motion equal to that of stars of the first 
three magnitudes. It became evident, then, that not 
only are small stars (I am here speaking of stars visible 
to the naked# eye) mixed up as I had thought with 
bright stars visible in the same general direction, but 
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t distance is less available to explain the smallness 
die stars even than I had supposed. I had thought 
I. certainly a large proportion of the small stars must 
reality be very far from us; but it appeared that 
proportion of stars whose smallness is so to be 
milted for is in reality exceedingly minute. There 
st therefore be myriads of really small stars for 
ry leading orb. 

The second method of research led to the strange 
xlt that in many parts of the heavens a community 
motion can be recognised, among star-groups far 
rer in extent than any such groups' as I had 
ected to find thus drifting through space. Know- 
that whatever view we form of the sidereal universe, 
must yet recognise the fact that in every direction 
s at very different distances are visible, I had not 
ed to find over any large region of space the 
:es of a community of motion. Nor even in small 
ions had I hoped to recognise very decided traces of 
-drift, because I was conscious that, even with three 
four stars really forming a drifting group, there 
dd nearly always be found three or four others, 
ler much farther off or much nearer, and altogether 
ociated from the drifting set. Indeed, I imagined, 
;n I began the inquiry, that the most remarkable 
,ance of star-drift in the heavens was that detected 
nigh differently explained) by Miidler in the con- 
lation Taurus. 

I found; however, that in other regions a far more 
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nost remarkable instance of all is that illustrated 
le accompanying plate. This picture represents 
notions in the constellations Cancer and Gemini, 
ill be noticed that though here and there stars 
rently not belonging to the system appear in 
same range of view, yet the star-drift is unrnis- 
ale. The general parallelism of motion is very 
ing; and the difference in the amount of motion 
rved in different stars is only what was to be 
cted in a star-group whose range in distance, if 
ralent to its lateral extent, must be such as fully 
jcount for the range in the amount of apparent 
on. 

i'ig. 6 exhibits one out of many parts of the 
ens in which different sets of stars are observed to 
rifting in different ways. 

t will be seen that here there are three sets—those 
ided in the space a, those in space b, and those left 
iclosed. These groups are very obviously drifting, 
in its special direction. The stars within the space 
i /3, y, 8, s, and £ of the Greater Bear with three 
ler stars. Their drift is, I think, most significant, 
truth the parallelism and equality of motion arc to 
■garded as accidental, the coincidence is one of a 
: remarkable characler. But such an interpretation 
10 longer be looked upon as admissible. For Mr. 
gins has found that these stars y 8, y 8 , s, and f ate 
iceding from the earth at the rate of about seventeen 
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Irifting system. but the peculiarity is only one of 
series of instances, some of which are scarcely lesB 
iking. One of t hese is presented in fig. 7, in which 
e proper motions in the stars a, /3, and y Arietis, 



©-S' 

•Fig. 6.—Observed Proper Motions ol Stars in Ursa, Major and 
N eighbourhood. 

d four other stars in the neighbourhood, are 
hibited.' 

Here /3 and y may be regarded as drifting with a, 
t. having a motion of their own in addition, sufficing 
account for the want of strict parallelism between 

1 In all three figures the proper motion indicted by the length 
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their apparent motion and that of a. The other stars 
I am led by the facts wliieh have here been briefly 

inslmation to inquire carefully into the minuter details 
of the sidereal heavens than to insist on any views of 
my own. While I recognise the wisdom and necessity 
of that course which the Herschels adopted in taking 
a wide view of the sidereal system, and in dealing 


> 



rather with general results than with special pecu¬ 
liarities, 1 think the time has come when another 
course ia possible and advisable. The Herschels 
having surveyed the field of heaven, it behoves us now 
to go over it with a close and searching scrutiny. To 
consider averages novj is to level the scarcely percep¬ 
tible undulations in our field of research, as well as 
its better marked ridges or depressions; whereas we 

of level, so that we may determine with more cer¬ 
tainty what are the peculiarities presented by that 
moat interesting field t-o man’s contemplation. Or, 
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change the illustration, and to quote the words of 
e great eat modern master of that kind of research 
iich I have been advocating— 4 We must not be 
terred from dwelling consecutively and closely on 
ese speculative views by any idea of their hopeless- 
ss which the objectors against “paper astronomy” 
ay entertain, or by the real slenderness of the material 
reads out of which any connected theory of the 
averse has (at present) to be woven. “ Hypotheses 
igo ” 1 in this stage of our knowledge is quite as 
od a motto as Newton’s “ Non Jingo ” —provided 
rays they be not hypotheses as to modes of physical 
tion for which experience gives no warrant.’ 2 

1 It should be noticed that Newton defined what he meant by 
rpotheses ’ when he said ‘ hypotheses non Jingo’ and that he did 
; object to what have now commonly (through the careless use of 
rds) come to be regarded as hypotheses. Newton defined ahypo- 
isis as whatever is not deduced from the phenomena. 

2 From a letter addressed by Sir J. Herschel to the present 
iter, August 1, 1869. 


CHAPTER XII. 

IE NEBULAS: ARE THEY EXTERNAL GALAXIES? 

3 last chapter I have indicated reasons for be- 
y that the sidereal system extends far beyond 
mge of the most powerful telescopes man has 
sen able to construct. It need hardly be said 
supposing this view to be correct, we cannot 
ly see any external galaxies unless they surpass 
wn many thousands of times in richness and 
our. Every analogy that we have for our 
ice points to the conclusion that if our galaxy 
imits, and there exist in space other galaxies, then 
outer systems must be separated from ours by 
exceeding the dimensions of the several galaxies 
thousand or many million-fold in extent. We 
that the distances separating the satellites from 
primaries exceed in an enormous ratio the dimon- 
)f the satellites. The distances separating the 
s from each other exceed in an enormous ratio 
mensions of the planets. The distances sepa- 
our solar system from others enormously exceed 

irnonciAno /vf fVwa rnriftna onlnr Aty.-J 
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parating onr sidereal system from other similar 
stems in space must exceed in an enormous ratio 
p dimensions of our galaxy, and of all other such 

That the sidereal system has limits I do not doubt, 
course it may be co-extensive with space—that is, 
solutely infinite in extent. But we have no reason 
r believing that in rising step by step, from system 
system, until we have reached the highest class of 
si cm known to us, we have reached the real summit 
that perhaps altogether limitless range of steps, 
e know, indeed, that if light do not suffer extinction 
traversing space (and we have as yet no evidence 
it it does), the extent of the sidereal system must be 
hted, since otherwise the whole of the star-lit sky 
mid shine with the brilliancy of sun-linht. 1 And we 
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may carry this argument even farther. For, though 
the sidereal system should be limited, hut other systems 
similar to it spread throughout the infinity of space, 
there would still result Ibis ineffable blaze of light, 
surpassing the light of day as greatly as the vault of 
heaven surpasses the disc of the sun. And this again 
\50uld be true, though 'hia system of systems were 
limited in extent, but surrounded by similar systems 
of syslems in the infinity of space. And so on, let 
the order of systems which finally becomes infinite in 
number be what it may. There is only one way to 
escape from this limitless senes of system-orders—that 
is, by accepting as true the hypothesis that light suffers 
extinction as it voyages through space. But it is 
wrfrtb noticing, when we are actually dealing with the 
infinity of apace, and when, therefore, limitless concep¬ 
tions are not paradoxical, but in reality as available for 
our purposes ns finite conceptions would be, that if we 
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adopt tin- belief in an infinite succession of orders 
systems ; that is, first satellite-systems, then plane- 
y-systems»t,h<m star-systems, then systems of star*, 
terns, then systems of systems of star-systems, and 
on to infinity; and if we accept as true of this i’n- 
ite series what we know to be true of the part within 
• ken, viz. that the distance between the oomponen|g 
rning any system is indefinitely great compared with 
i dimensions of these components, we no longer have 
a conclusion that the whole heavens would be 
hted up with stellar (that is, with solar) splendour; 
m though, in this view of the subject, there are in 
,lity an infinite number of stars, just as in the view 
ording to which the sidereal system extends without 
erruplion to infinity.’ 0 

1 Jt is clear Hint wo no longer get, as in the previous note, a 
cs of equal small terms. It we take our infinite series of shells 
re Core we get for the sidereal system n times i where n isfinite, 

ilieu-|ore ~ finile. We must indeed assume ^ to be small, and 

if other .-hniW ralios presently to be dealt with. With respect 
the system of systems, we have these considerations to guide 
—Any of the spherical shells within this system must supply to 
skies an amount of light indefinitely less than one of the shells 
bin the sidereal system itself, say, *,th part only, if indefinitely 
t’ut the number of shells falling within that system is very 
fir greater, say, n' times as great where n' is finite. Therefore 
get for the total amount of light coming from the system of 
,ems $ quantity proportional to yy And so for the system of 
em of systems we get a quantity proportional to 
;re if is indefinitely la rim, n" very larce. And foi each succes- 
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y rate is certain, that if the stars at the outer parts 
our own sidereal system be beyond the ken of our 
>st powerful instruments—and I have shown that 
are are strong reasons for this conclusion—then the 
nponent suns of external galaxies cannot by any 
ssibility be visible. So that, according to this view, 
resolvable nebulae, at least, must be dismissed from 
s category of external galaxies. Nor will it be 
night probable that irresolvable nebulae are external 
laxies, if once that view of the extent of the sidereal 
stem is adopted. 

But there are independent considerations on which 
irefer now to dwell, for believing that all the nebulae 
long to the sidereal system. 

It will hardly be necessary, let me remark in pass¬ 
er, for me to point out how this matter is associated 
h the subject of other worlds. It is true that when 
ce it is admitted that there are external galaxies, it 
iy be looked on as a matter of small importance (so 
as the subject of this treatise is concerned) whether 
can actually see those galaxies or not. I am not, 
instance, in the same position as Dr. Whewell, who 
igned to the nebulae what I take to be their true 
ice in the universe, with the express object of 
^throwing the belief that there exist other galaxies 
vast as the sidereal, or vaster, thronged with suns 
ich are severally the centres of planetary systems, 
hin which again are worlds as well suited to be >the 
the fixed stars in comparison with the planetary system; such 
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of life as this earth on which we dwell. But, 
h my purpose is different from his, it is equally 
sary that I should insist on the true position of 
bulae. Because, if these objects form indeed parts 
! sidereal system, the relations they present are 
reme importance. They exhibit to us within the 
Is of our galaxy systems altogether different from 
ilar system, and thus suggest ideas of other classes 
:lds peopled with their own peculiar forms of life, 
itinct perchance even in their general character- 
from any found amid the systems circling round 
as the forms of life in Venus or in Mars must 
their special characteristics from those existing 
r own earth. 

reed from those analogies which led the elder 
hel to regard the stellar nebula 3 —resolvable and 
lvable 1 —as external star-systems, let us consider 
■elations presented by these and other nebula? 
ut reference to preconceived opinions. 
r e must first pay attention to one of the most 
ng of the discoveries which the spectroscope has 
tabled man to make—the discovery that eeiiain 
re are gaseous. It is necessary to consider this 
leant discovery, rather than those which wore 
rst to exhibit the real place of fhe nebula 1 in our 
le, because we shall thus be able to di\id>* the 
:ee at once into two great classes, in-toad of H-itig 

;v irresolvable stellar nebula! I mean tbosi- nebula- vshlen, 
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I to this arrangement by following out the history 
those long processes of research by which the two 
sat orders of nebulae were long since separated from 
•li other under the piercing scrutiny of Sir William 
:rschel. 

The reader will see how the spectroscope could at 
ce resolve a question which ordinary observations* 
uld be all but powerless to deal with. The nebulae 
ing self-luminous, the nalnre of the matter which is 
3 source of their light would be stiown by the cha¬ 
pter of the spectrum, as distinctly as though that 
itter were actually present in the laboratory of the 
ictroscopist. 

Mr. Huggins thus describes the observation which 
st revealed the true nature of certain orders of the 
bulse. The object uuder examination was a nebula 
Draco, belonging to the class of planetary nebulae, 
in August 19, 1864, I directed the telescope armed 
th the spectrum apparatus to this nebula. At first 
suspected some derangement of the instrument had 
ieu place, for no spectrum was seen, but only a short 
e of light perpendicular to the direction of dispersion 
rat is, to what would in the case of solar light be 
e length of the spectrum). I then found that the 
at of this nebula, unlike any other extra-terrestrial 
it, which had yet been subjected by me to prismatic 
ilysis, was not composed of light of different re- 
mgibilities, and therefore could not form a spectrum. 
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mains concentrated in a bright line, occupying the 
position of that part of the spectrum to which its light 
corresponds in refrangibility. A more careful exami¬ 
nation, however, showed that—a little more refrangible 
than the bright line, and separated from it by a dark 
interval--a narrower and much fainter line occnrs. 
^Beyond this, again, at about three times the distance 
of the second line, a third exceedingly faint line was 
seen. The positions of these lines in the spectrum 
were determined by a simultaneous comparison of them 
in the instrument, with the spectrum of the induction 
spark taken between electrodes of magnesium. The 
strongest line*coincides iti {Hjsirjon with the brightest 
of the air-liues. Tliis line ie due to nitrogen.’ . . . 
‘ The faintest of the lines of the nebula agrees in posi¬ 
tion with a line of hydrogen.’ The other bright line 

terrestrial element. Besides the bright lines, an ex¬ 
ceedingly faint spectrum was just perceived for a short 
distance on both sides of the group of bright lines. 
Mr. Huggins suspected that, this was nut uniform, 
bnt crossed by dark spaces. Subsequent observations 
ou other nebula: 1 induced him ‘to regard this faint 

Intrinsic brilliancy, liy 
nebulre with that of a a] 
pound •), be found 
shine with u light varyin 
to the 20,000th of that 0 
lion, Mr. Lock^er, in diet 
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lectrum as duo to the solid or liquid matter of the 
icleus, and as quite distinct from the bright lines 
to which nearly the whole of the bright light from 
ie nebula is concentrated.’ 

Thus was solved a problem which had, for the best 
irt of a century, perplexed astronomers. There was 
>t, indeed, a full answer to all the questions of in- e 
rest associated with the problem. But it had been 
id down by Sir William Herschel, as a legitimate 
inclusion from observation, that certain orders of the 
ibulte are gaseous, and astronomers had ranged them- 
lves for and against this proposition. Telescopic 
iprovements had seemed at length to turn the scale 
. favour of those who held Sir William Herschel to 
ive been mistaken. Already the problem had seemed 
1 but definitely settled. And then in a moment this 
jservation by Mr. Huggins had reversed the whole 
after. It was now established beyond all possibility 
' future question that on the main point the greatest 
' modern astronomers had been altogether in the 
ght. 

The orders of nebulae which give a spectrum of 
fight lines would seem from Mr. Huggins’s observa- 
ons to be (i.) the planetary nebulae, (ii.) the ring 
ebulae, (iii.) the irregular nebulae. The spiral nebulae 
ibulse, saying that ‘ such a candle a quarter of a mile off is 20,000 
mes more brilliant than the nebula.’ Mr. Huggins’s result is 
holly distinct from this, and much more important. His com- 
irison relates to the intrinsic luminosity of the nebular substance. 
>t to the quantity of light received from the nebulas. (The dis- 
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for the most part, to give a continuous spectrum, 
>me of these objects give the bright line spectrum 
itive of gaseity. The orders of nebulae which 
a. continuous spectrum appear to be the follow- 
-(i.) star groups, (ii.) clusters, regular and irre- 
, and (iii.) easily resolvable nebulse. Of the 
lvable nebulae a large proportion seem to be 
us. 1 

ere, then, we find the nebulae ranged into two 
tant divisions, apparently separated by a distinct 
>f demarcation. Yet one is tempted to inquire 
ler these divisions may uot in reality ran into 
other by the fact that among nebula? of certain 
? are objects belonging to both divisions. And 
act that beneath the bright-line spectrum of the 
11 s nebulae a faint continuous spectrum may be 
seems also to point in the same direction. We 
that, so far as the telescopic appearance of the 
Lae is concerned, there is very striking evidence 
'he following classification of nebulae m this resceci. bv l.oi 1 
itown, is interesting as indicating the results of otveiwu. .n> 
with so powerful an instrument as too event f ar- .nsiov.n 
)pe (the fi-feet reflector). 

Clusters ... . lo 

Certainly or probably resolved . 0 

Certainly or probably resolvable . 10 0 

Blue, or green, no resolvability . 0 4 

No resolvability detected . 6 5 


Total observed 


. 31 
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n gradual progression from dusters to irresolvable 
>ul;i:; and therefore, wo are led to inquire whether 
1 spec)i'‘> cope conveys a similar lesson. 

Now (Ids question could oidy he answered satisfac- 
ily hv the observation of a scries of nebula; having 
■cl.ra progressively varying, from bright lines on an 
mst invisible continuous spectrum to a continuous 
et,rum with the same bright lines superposed on it, 
h almost impercept ible, because their brightness so 
le exceeded that of the continuous spectrum. We 
/e no evidence of such completeness. But Captain 
rschel has observed in the southern heavens a clos¬ 
ing nebula with a continuous spectrum, on which 
could just detect the three bright lines seen in the 
“ctra of the gaseous nebulae. So far as this evi- 
lce extends, the conclusion is obvious that the 
ious orders of nebulae are orders of but a siugle 
lily. It will be seen presently that this conclusion, 
ic.b is strikingly corroborated by other evidence, 
i a very important bearing on the views we are to 
m respecting the relations between the nebulae and 
! sidereal system. 

The first process by which we must attempt to 
m a correct estimate of the nebular system corre- 
mds to Sir William HersehePs process of star¬ 
ring. We must inquire according to what general" 
is the nebulae are spread over the vault of heaven. 
Now, when this is done, it appears that there is 
veil marked neculiarity in the arrangement of the 
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e Milky Way which had seemed characteristic of the 
lole nebular system before we considered its several 
iers. The fact that the irresolvable nebulae form 
out four-fifths of the total number will account for 
e circumstance that a peculiarity really appertaining 
that order alone should appear to belong to the 
iole system of nebulae. < 

Again, the planetary and irregular nebulae are found 
affect the neighbourhood of the Milky Way. I have 
eady mentioned that these objects are gaseous. 

It is easy to see what general conclusions may be 
duced from®the peculiarities here touched upon, 
jviously the first shows us most distinctly that there 
a relation between propinquity to the Milky Way 
d the character of nebulas as respects resolvability— 
relation which points in the most decisive manner to 
e existence of a close association between the sidereal 
stem of which the Milky Way certainly forms part, 
d the nebular system from which clusters and re- 
Lvable nebulae cannot reasonably be separated. It is 
ually obvious that the second peculiarity indicates 
e existence of a close association between the Milky 
ay and the character of the nebulae as respects 
seity; a relation which brings all the gaseous,nebulae 
to close association with the sidereal system, since we 
iow that among the extra-galactic nebulae there are 
smy which are principally formed of the very same 
ses which appear in the irregular and planetary 
ibulae. When we consider that those* peculiarities 
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Ibis ? Can we suppose that, owing to some strange 
cident, external galaxies have been placed always 
posite the barest regions of the sidereal system ? Or, 
tting aside such a notion as obviously incredible, are 
5 to imagine that when searching over those barre'n 
rions the astronomer has abetter chance of detecting 
bube than where stars are more richly strewn, be- 
use the sky is less tilled with glare? We are forced 
dismiss this notion (hat the barren regions of the 
avens are thus in a manner the spy-holes of the 
lereal system, by the fact (presently, and for another 
rpose, to be dwelt on more at length) that in the 
agellanic Clouds, where stars of all magnitudes are 
■hly strewn, nebulae, even down to the very faintest 
lers, are more abundant than in any other region of 
e heavens. We have then no other conclusion to 
:m, but that the association thus observed between 
irlesR legions and richness of nebular distribution 
rlicates a very close relation indeed between stars and 
bubo; that, in fact, the nebula: in a sense represent 
<: missing stars; that the region . where those nebula: 
>pear has been, drained of sta.r materials, so to speak, 
order to form them. 

In the southern heavens yet clearer proofs exist of 
. association between the stellar and nebular systems, 
e do not recognise in the northern skies any well- 
arked star-streams. In the southern skies, however, 
eh si reams have been recognised from the earliest 
es. The constellations Hydra and Eridanus, the 
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band between the Two lushes, 1 indicate bow clearly the 
ancients traced certain well-marked star-streams. Tlie 



# we]l-marked tendency to aggregate into streams. {So 
that, in this mere resemblance between the general 
characteristics of the stellar and nebular .systems in the 
southern heavens, we have a somewhat remarkable 
evidence of association. But when we consider the 
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In the southern heavens there are two strange 
uds of milky light, which have long been known by 
ors as the Magellanic Clouds, but are commonly 
led by astronomers the Nubeculae. Each of these 
ects, when examined with the telescope, is found 
be constituted, like the Milky Way, of multitudes 
small stars. But unlike the Milky Way, the 
becu Ice contain within their bounds many nebula 
all orders. In fact, each of the Nubeculae is at 
:e a star-cluster and a cluster of nebulae. 

Now there can be no doubt whatever that the 
ociation here is not accidental, that we do not By 
ae strange chance see a great star-cluster in the 
ae direction as a much more distant and much 
iter cluster of external galaxies. Nor again can 
:re be any doubt that the generally circular figure 
each Nubecula indicates a general approach to the 
rerical form in the case of each cluster. The pro- 
lility that by some strange accident a cluster of 
indrical shape 1 might be so placed as to exhibit to 
a circular figure is exceedingly small; but the 
mee that two such clusters should be presented in 
exceptional a manner may be regarded as evanes- 
lt. We are compelled, then, to believe that, within 
> limits of spheres so placed as to subtend a small 
?le to the eye, stars of all magnitudes between the 
'on tli and the twelfth inclusive are mixed up witli 
bulae of all degrees of resolvability. ‘Taking the 
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sgular nebula' which does not exhibit this peculiarity 
Hie most striking manner. This may be asserted 
n of those nebulae with respect to which Sir John 
rschel has remarked that the arrangement may be 
idcntal. His own pictures seem to me to prove an 
■ most convincing manner that no such explanation 
i be accepted. The mere aggregation of a large 
tnber of stars in the very heart of a nebula might 
an accident. The fact, for instance, that the great 
?gular nebula surrounding the star Eta Argus 
•ees exactly in position with the greatest condensa- 
n of the wonderfully rich portion of the Milky Way 
which that surprising variable lies, might be a 
re coincidence, though in any case it. would be a 
ange one. But when one examines the structure 
this and similar nebulae, and finds that the stars are 
anged in a manner most obviously related to the 
angement of the nebular condensations (or folds as 
3 may almost say), one cannot doubt that a real and 
imate bond of association exists between the stars 
1 the nebulous masses around them. If the exten- 
n of the milky light of the great Orion nebula to 
3 star l in the sword, which is centrally involved in 
ong nebulosity; to s in the belt, which is similarly 
rolved; and to several other stars in the constellation 
1 alike in occupying regions of increased nebular con¬ 
ns: ition), be a mere accidental coincidence, then the 
rs of probability had better be forgotten as soon as 
ssible : for. as at, nresent understood, thev can onlv 
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the accompanying Plate is given a picture of the 
Messier 17, as observed with Lassell’s four-feet 
>r at Malta. I have selected it as affording a 
riking instance of the particular form of associa- 
have just been dealing with. No one can, I 
refuse to recognise the fact that the system of 
hown in this drawing is not accidentally seen 
,ed on a distant galaxy, but forms part and parcel 
nebula itself. 1 

e nebula around the strange variable star, Eta 
already referred to, is another remarkable 
;e of this sort. More than two years ago I 
ed to make two predictions about this object, 
rst was a tolerably safe one. I expressed my 
that the nebula would be found to be gaseous. 
Mr. Huggins’s discovery that the great Orion 
1, is gaseous, it was not difficult to see that the 
nebula must also be so. At any rate, this has 
established by Captain Herschel’s spectroscopic,re- 
es. The other prediction was more venturesome, 
hn Herschel, whose opinions on such points one 
always prefer to share, had expressed his belief 
he nebula lies far out in space beyond the stars 
n the same field of view. I ventured to express 
finion that those stars are involved in the nebula. 
r there came news from Australia that Mr. Ee 


r John Herschel, rcferrintr to the 
the opinion that the apparent as 
e real. The discovery of nebular 
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nr, with the great reflector erected at Melbourne, 
found that the nebula has changed largely in shape 
;e Sir John Herschel observed it. Mr. Le Sueur 
ndingly expressed his belief that the nebula lies 
rev to us than the fixed stars seen in the same field 
iew. More lately, however, he has found that the 

■ Eta Argus is shining with the light of glowing^ 
logon, and he expresses his belief that the star has 
sumed the nebulous matter near it. Without 
seing with this view, 1 I recognise in it a proof that 

Le Sueur now considers the nebula to be really 
>ciated with the stars around it. 

Amongst other instances may be cited the nebula 
ad the stars c 1 and c 2 in Orion. In this object 
remarkable nebulous nodules centrally surround 
double stars. Admitting the association here to 
real (and no other explanation can reasonably be 
fitted), we are led to interesting conclusions respeet- 
the whole of that wonderful nebulous region which 
rounds the sword of Orion. We become certain 
t the other nebulae in that region are really asso- 
ed with the fixed stars there; that it is not a mere 
icidence, for instance, that the middle star in the 
; of Orion is involved in nebula, or that the lowest 

■ of the sword is similarly circumstanced. It is a 
timate inference from the evidence that all the 
My belief is that as the star recovers its brilliancy observation 
show that the nebula in its immediate neighbourhood becomes 
titer (not fainter through being consumed as fuel). In fact, I 
disposed to regard the variations of the nebula as systematic, 
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3 in this region belong to one great nebulous 
which extends its branches to these stars. As a 
7 hand this nebulous region seems to gather the 
lere into close association, showing us, in a way 
is no misinterpreting, that these stars and tin* 
1 form one system. 

will be noticed, as respects the two proofs on 
I have last dwelt, that they seem directly 
'.d to those which I first quoted. One cannot 
it might be urged, that the nebula- are asso- 
with the sidereal system because they are least 
ous where there are most stars, and vice vrr&i ; 
at the same time one draws the same conclusion 
die aggregation of the nebula- in streams 01 
■s where there are streams and clusters of star*, 
a the fact that stars are seen actually mixed up 
tebulous matter. At first sight this objection 
just; but, on consideration, it will be found that 
ity, the two seemingly contrary lines of argument 
1 the same direction. When we find the nebula? 
ed where stars are wanting, and vice rn^a. 
icliide that there is some reason for this pecu- 
, and that that reason must involve some sort of 
tion between the nebulae and the stars; we see, 
r, that the relation is accounted for if we suppose 
n these cases, either the formation of uebuht- 
dneda region of material from which situ.de stars 
otherwise have been formed, or vice tvmi. Why, 
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joked, we cannot say; nor can we account for the 
itrary peculiarity in another region: but we feel 
•fain that some cause must exist for both relations, 
cause the results are too marked to be due to, 
;ident. Now, in the case where we find both 
us and nebulae abundant in particular parts of the 
avens, we feel equally certain that the result is not© 
ndental. Even though there were not here, as in 
e former case, the evidence of a clearing of star- 
iterial from certain regions, we could not doubt that 
s association of stars and nebulae was real, and nojt 
parent. But in reality there is here, precisely as in 
e former case, a gathering together of stellar matter 
:.o certain regions. The very existence of such a 
earn as Eridanus or Hydra, and of such a cluster as 
e greater or lesser Magellanic Cloud, implies the 
tion of such a process of segregation. A stream would 
t be recognisable if it were not bounded by rela- 
rely bare regions. Clusters like the Nubeculse might 
visible even on a rich sky—and were the sidereal 
avens richly strewn with stars round these objects I 
ould be disposed to admit that there was a difficulty 
my theory. But what is the fact ? Not only is each 
the Nubeculse placed in a region obviously bare 
lucid stars, but Sir John Herschel, speaking of 
e telescopic aspect of the neighbourhood of these 
ysterious clusters, dwells again and again on its 
iverty. ‘A miserably poor and barren region, 5 he 
vs of one field near the Nubeculse. ‘ Th® access to the 
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serf.’ What evidence could more clearly point 
e fact that these great clusters are gathered out 
a vast region of space ? Their internal structure 
les us how such a process of segregation leads to 
birth of nebulae as well as stars. The whole 
ry of the sidereal system is indeed taught us in 
Magellanic Clouds and the great streams of inter- 
d stars and nebuke which flow towards them as 
s towards some mighty lake, 
t remains that I should sum up the results 
h I have discussed in the last two chapters. It 
seemed to many that my views tend largely to 
rush our estimate of the extent of the sidereal 
m. The exact reverse is the ec«e. According 
scepted views there lie within the range of our 
powerful telescopes millions of millions of snr.s. 
rding to mine the primary suns within the r.mge 
r telescopes must be counted by tens of thousands, 
j hundreds of thousands at the outside. What 
this diminution of numbers imply but that the 
! separating sun from sun is enormously greater 
accepted theories would permit? And tins in- 
e implies an enormous increase in the estimate we 
.o form of the vital energies of individual suns, 
he vitality of a sun, if one may be permitted the 
sssion, is measured not merely bv the amount of 
er over which it exercises control, but by the ex- 
of space within which that matter is distributed, 
an orb a thousand times vaster than our sun, and 
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housand-fold the combined mass of all tbe planets of 

2 solar system : so far as living force is concerned, 

} result is nil. But distribute that matter through- 
t a vast space all round the orb: that orb becomes 
once fit to be the centre of a host of dependent* 
rids. Again, according to accepted theories, when 

3 astronomer has succeeded in resolving the milky ^ 
ht of a portion of the galaxy into star, he has in 
it direction, at- any rate, reached the limits of the 
ereal system. According to my views, what he has 
dly done has been but to analyse a definite aggrega- 
n of stars, a mere corner of that great system. Yet 
ce more, according to accepted views, thousands and 
rasands of galaxies, external to the sidereal system, 

1 be seen with powerful telescopes. If I am right, 

3 external star-systems lie far beyond the reach of 
3 most powerful telescope man has yet been able to 
istruct, insomuch that perchance the nearest of the 
tlying galaxies may lie a million times beyond the 
lge even of the mighty mirror of the great Rosse 
escope. 

But this is little. Wonderful as is the extent of 
3 sidereal system as thus viewed, even more won- 
rful is its infinite variety. We know how largely 
idem discoveries have increased our estimate of the 
nplexity of the planetary system. Where the ancients 
:ognised but a few planets, we now see, besides the 
nets, the families of satellites; we see the rings of 
tom, in which minute satellites must be # as the sands 
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eroids; myriads on myriads of comets; millions 
illions of meteor systems, gathering more and 
richly around the sun, until in its neighbourhood 
form the crown of glory which bursts into view 
he is totally eclipsed. But wonderful as is the 
y seen within the planetary system, the variety 
1 the sidereal system is infinitely more amazing, 
es the single suns, there are groups and systems 
;rearns of primary suns; there are whole galaxies 
lor orbs; there are clustering stellar aggregations, 
og every variety of richness, of figure, and of 
ration; there are all the various forms of nebulae, 
able and irresolvable, circular, elliptical, and 
; and lastly, there are irregular masses of luminous 
dinging in fantastic convolutions around stars 
:-ar-systems. Nor is it unsafe to assert that other 
and varieties of structure will yet be discovered, 
t hundreds more exist which we may never hope 
ognise. 

it lastly, even more wonderful than the infinite 
y of the sidereal system is its amazing vitality. 
,d of millions of inert, masses, we see the whole 
qs instinct with energy—astir with busy life, 
reat masses of luminous vapour, though oeeupy- 
ountless millions of cubic miles of space, are 
1 by unknown forces like clouds before tire 
er breeze; star-mist is condensing into cluster?; 
iusters are forming into suns ; streams and dusters 
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rsuing their stately path through space, rejoicing as 
mts to run their course extending on all sides the 
ighty arm of their attraction, gathering from ever 
w regions of space supplies of motive energy, to 
transformed into the various forms of force—light 
d heat, and electricity—and distributed in lavish 
undance to the worlds which circle round them. ^ 
Truly may I say, in conclusion, that, whether we 
gard its vast extent or its infinite variety, or the 
razing vitality which pervades its every portion, the 
lereal system is, of all the subjects man can study, 
e most imposing and the most stupendous. It is as 
book full of mighty problems—of problems which are 
yet almost untouched by man, of problems which it 
Lght seem hopeless for him to attempt to solve. But 
ose problems are given to him for solution; and he 
ill solve them whenever he dares attempt to decipher 
ight the records of that wondrous volume. 
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CHAPTER XIII. 

SUPERVISION AND CONTROL. 

a peculiarity of the subject of other worlds than 
that it suggests more strikingly than any other 
in difficulties in connection with conceptions as to 
rvision and control exercised over the universe, 
jet us consider definitely (even though we must 
liable to conceive clearly or at all) the infinities 
ave to deal with. 

Ve know that space must be infinite. If the region 
. which stars and nebulae are scattered in incon- 
,ble profusion be limited, if beyond lies on all sides 
st void, or if, instead, there be material bounds 
>sing the universe of worlds on every hand, yet 
e are the limits of void or bound ? lutinii y of 
i, occupied or unoccupied, there must undoubtedly 
Of this infinity it has been finely said that its 
■e is everywhere, its boundary nowhere. Now, 
her within this infinity of space there be an in¬ 
i’ of matter is a question which we cannot so cer- 
y answer. Only, if we were to accept this as 
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ich at least seems reasonable and probable—then it 
uld follow that matter as well as space must be 
inite, since any finite proportion of infinity must 
elf also be infinite. 

Time also must undoubtedly be infinite. If the 
rtion of time which has hitherto been, or which will 
reafter be, occupied with the occurrence of events 
' whatever sort) were preceded and will be followed 
a vast void interval, yet there can be neither be- 
ming nor end to either of those bounding voids 
inity of time, occupied or unoccupied, there must 
doubtedly be. And though it is not possible for us 
know certainly that there has been no beginning, or 
it there will be no end to that portion of time which 
occupied with the occurrence of events (of whatever 
t), yet it appears so unreasonable to conceive that 
occupied time bears an infinitely great proportion to 
upied time that we seem led to the conclusion that 
upied time is infinite—or, more definitely, that 
re has been no beginning and will be no end to 
sequence of events throughout the infinitely ex- 
ided universe. 

Now to conceive of limits to the wisdom and power 
One whose realm is infinite in extent and in dura- 
n is obviously to conclude that the ruler is in- 
itely incompetent to rule over His kingdom: for 
sre can be no relation between the finite and the 
inite save the relation of infinite disproportion. 

Stun spa cmrh as havp wp na n no nsmte at-fcrihiitfi 
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h events as though they had actually passed before 
eyes. An analogous power, but infinite in degree, 
nitely rapid in its operation, and infinite in the 
cut of space and time over which it ranges, we may 
ceive to be possessed by a true Euler over the 
verse. 

And now let us notice some of the conclusions to 
ich these considerations tend. ® 

Let us first deal with the teachings of that sense 
ich is the most far-reaching 1 of all the faculties 
en to man—the sense of sight. 

In a little treatise called 4 The Stars anJ the Earth,’ 
dished anonymously several years since, some re¬ 
ts of modern discoveries respecting light were dealt 
h in a very interesting manner. I propose to follow 
path of thought indicated in that treatise, as a 
ing introduction to wider conceptions of supervision 
l control over the universe. 

We know from Romer’s researches, and even mote 
ely from the phenomenon termed the aberration of 
fixed stars, that light does not travel with infinite 
Deity. Its speed is indeed so enormous that, corn¬ 
ed with every form of motion with which we are 
liliar, the velocity of light appears infinitely great, 
a single second light traverses a space equal to 

Most persons, if asked which sense comes nest to sight in 
respect, would answer hearing. Yet touch —or rather feeling — 
a range far exceeding that of hearing, since we can feel the 
; emitted by the son. Is or is it difficult to conceive of such an 
ease in the delicacy of the sense of touch that even the minute 
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piter or Mars when in opposition, the scene pre- 
itcd to us would not indicate the real aspect of the 
ar system at that, or indeed at any definite instant, 
ecisely as a daily newspaper gives us a later account 
what is going on in London than of events happen*- 
l in the provinces, of these than of events on the 
ntinent, and of these again than of occurrences 
dng place in America, Asia, Africa, or Australasia^* 
the intelligence brought, by light respecting the 
•ious members of the solar system belongs to dif- 
ent epochs. If man had powers of vision enabling 
n to watch what is taking place on the different 
nets of the solar system, it is clear that events 
the utmost importance might have transpired— 
rler his very eyes, so to speak—while yet he re¬ 
ined wholly unconscious of their occurrence. Or. 
invert the illustration, if an observer on Neptune 
ild see all that is taking place on the earth, he 
ght remain for hours quite unconscious of an event 
portant enough to affect the welfare of a whole 
itinent, though that event should happen under his 
;s, and his visual powers be such as I have sup- 
;ed. We can imagine, for example, an observer on 
ptune watching the battle of Waterloo from the 
ly dawn until the hour when Napoleon’s heart was 
full of hope, and our great captain was watching 
h ever-growing anxiety, as charge after charge 
eatened to destroy the squares on whose stedfast- 
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to an intelligent Neptunian, and how eagerly he would 
have watched the manoeuvre!* of either army, and also, 
what neither army knew of, the approach of Blucher 
with his Prussians. Yet, while our Neptunian would 
thus have traced the progress of the battle from his 
distant world, the conflict would in reality have been 
long sine© decided, the final charge of the British 
flfhny accomplished, the Imperial Guard destroyed, 
Napoleon fugitive, and the Prussians, who to the Nep- 
tuniau would be seen still struggling through muddy 
roads towards the field of battle, would have been 
relentlessly pursuing the scattered army of France. 

It ia, however, wheu we pass beyond the limit* of 
the. solar Bystem that the non-eonteinporaneous natnre 
of the scene presented to us becomes most striking. 
Here we have to deal not with seconds, minutes, or 

the nearest of the fixed stars light takes fully three 
years in travelling to the earth. Even the star 
61 Cygni is so far from us that its light only reaches 
us in seven years. And so far as observation has 
hitherto gone, it seems unlikely that amid the whole 
host of heaven there are so many as a hundred stars— 
lucid or telescopic—whose light roaches us in a shorter 
interval of time than twelve or fifteen years. What¬ 
ever views we form fis to the arrangement of the side¬ 
real scheme, whether those usually accepted be # held 
to be corrector whether I have been right, in adopting 
others, there can be no doubt that, amongst the slars 
revealed t.o us by the telescope, there must, be rrfyrinds 
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ich lie many times farther from us than the bright 
r in Cent auras and the orb in Cygnus which have 
n found relatively so near. In fact, the views 
ave adopted respecting the wide range of magnitude 
ong the fixed stars do not interfere in the least 
h the theories which have been formed as to the 
tanees from beyond which the light of some of tig, 
rs, only just visible in powerful telescopes, must be 
>posed to reach us. On the contrary, one may con- 
re, according to my views, that some of these faintly 
n orbs may be many times larger even than giant 
ius, in which case the distance of such stars would 
many times greater than has been hitherto supposed. 
1 may certainly assume with confidence that many 
rs only visible in powerful telescopes shine from 
mnd depths which light would occupy thousands of 
irs in traversing. I cannot, indeed, go farther, as 
ronomers have hitherto done, and say that the 
mlse must be regarded as external galaxies, and 
refore as sending their light to us over spaces 
ich light must take many times as long an interval 
traversing as it does in travelling to us from the 
inds of our own galaxy. But it would be to mis- 
erpret altogether the views which I have formed 
pecting the universe to suppose that I imagine 
ise distant spaces which astronomers have hitherto 
sd 6 with imaginary galaxies to be untenanted. On 
! contrary, I have no doubt whatever that galaxies 
enabling our own exist at distance^ infinitely ex- 
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hor of the little treatise I have spoken of invites 
to consider two processes of thought having sole 
uence to this earth on which we live, and to that 
Lory which, though all-important to ourselves, seems 
Fade into such utter insignificance in the presence of 
grand history of the orbs which lie in uncounted 
lions around us. 

o 

To a being placed on some far distant orb, whence 
it would occupy thousands of years to wing its 
ht to us, there would be presented, if he turned his 
e upon our earth, and if his vision were capable of 
ing him of her aspect, the picture of events which 
usands of years since really occurred upon her 
face. For the light which left the earth at that 
Le, winging its way through space with the account, 
,ve may so speak, of those occurrences, is now tra- 
ling as swiftly as when it left our earth, but amid 
ions of space removed from us by a light-journey 
usands of years in duration. And thus, to the ob- 
rer on this distant orb, the events which happened in 
far-off years would seem to be actually in progress. 
But now conceive that powers of locomotion com- 
nsurate with his wonderful powers of vision were 
en to this being, and that in an instant of time he 
Id sweep through the enormous interval separating 
1 from our earth, until he were no farther from us 
,n the moon. At the beginning of that tremendous 
rney he would be watching events which were 
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;rtook his instantaneous flight; so that, in the 
)f his journey, he would gaze upon a succession 
ts which had occurred during those thousands 
1 upon the face of this little earth, 
other conception is no less beautiful and striking 
y remark, also, that it is, in a scientific sense, 
lat more exact. Suppose that a being armed 
eh powers of vision as we have imagined should 
from the neighbourhood of our earth the pro- 
" some interesting event. If he then began to 
'rom the earth at a rate equal to that at which 
avels, he would see one phase of the event eon- 
1 present before him, because he would always 
;re the light-message recording that event was 
f travelling. By passing somewhat less swiftly 
le would see the event taking place with sin- 
slowness; while passing away more swiftly, 
Id see the event occurring in invent'd order, 
e, for example, he was watching the battle of 
00—he could gaze on the fine picture prpsontr-d 
Imperial Guard as they advanced upon the 
a army, for hours, years, nay, for centuries or 
or he might watch the whole piogre.-s of the 
occurring so slowly that tears might rhip-e 
n each step of the advancing column, and the 
which mowed down their ranks might either 
mmoving, or else appear to wend their wav with 
v nercentible motion through the air: or finally. 
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life a« tin' bullets passed from their wounds, until at 
gth the Old Guard would be seen as it was when it 
f;m ils advance, in the assured hope of deciding 
derloo, as it had already decided so many hard- 
ght battles for its Imperial Chief. 

It may seem hypercritical to notice scientific in- 
ictuess in ideas ]>rofcssedly fanciful. But as the^> 
hor lays some little stress upon the scientific truth 
die method in which his fancies are exhibited, and 
further, he dwells upon two of the more obvious 
potions to the first, conception, it maybe well to Con¬ 
or a further objection, which enforces on us a total 
luge, in the way of presenting the idea. He remarks 
it the being he has conceived to be borne towards 
earth through a distance so enormous would not 
in a moment the whole history of the earth dur- 
the thousands of years'fconsidered, but only the 
tory of that hemisphere which was turned towards 
a; while, further, all that took place under roofs or 
ler cover of any sort would remain unperceived by 
a. But there is a more serious objection. Amongst 
events which have taken place during those thou- 
ds of years have been thousands of revolutions of 
! earth around the sun, and more than 365 times as 
ny rotations of the earth upon her axis, to say 
hing of the stately sway of the earth in her motion 
precession. So that our imaginary observer would 
reality see the earth whirling with inconceivable 
liditv noon its axis, and sweeniner with even more 
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mds of circuits in a single second. Tie would 
ouds forming and vanishing in an amazing sue- 
a of changes, all occurring in a single instant, 
ven though his powers of vision enabled him to 
the cloud-envelope, he would not have a conse- 
presentment of the various events occurring in 
irt of the earth, hut only a haphazard succession 
f days for each portion of her surface, 
rwever, we can easily see that, by a slight, itiodi- 
n, the beautiful conception of our author can be 
to illustrate one mode at least in which the events 
ing upon our earth may be conceived to be at 
nes present to the thoughts of an Omnipresent 
Imagine a sphere with a radius over which 
would travel in the time which has elapsed since 
creatures first began to move upon this eaith, 
taving for centre the place occupied by the 
at that instant. Then, if we imagine millions 
?s over the surface of that sphere, all turned 
liercing powers of vision upon the central earth, 
e that to these eyes the earth would he p'v- 
. by the record of light, not as she is now. but 
3 was at that priimeval dav. Now. conceive 
millions of eyes closing tuiisiy in upon the 
but with this peculiarity of mmemut. that, 
i of being always on a sphere around a fixed 
they were always on a sphere around the pi-.-i- 
hich was really occupied by the earth when tin 
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'■ted in an instant, according to the law assigned it, 
til if s myriad millions of eyes were gazing intently 
our earth from a sphere of but a few thousand miles 
radius, the whole history of the earth, so far as light 
rid render it, would have been in a moment of time 
?sented before the myriad-eyed sphere. 

By extending these considerations to other modeg, 
which the history of an event is recorded, so to 
3uk, by natural processes, we can see t hat a much 
>re eon.plete and definite picture of past events than 
ht can convey must be at all times present in the 
iverse. A sense which could analyse heat-impres- 
>ns as eyesight analyses light, would tell us not 
ly what eyesight tells us, but much that no light- 
jssages can convey to us. At least it is conceivable 
at a sense of this sort would enable the being pro- 
led with it to recognise not merely the nature of the 
rface of any body whose heat reached the organ of 
is sense, but the quality of the body’s internal struc- 
re, processes going on within the body, or the nature 
bodies so placed that eyesight would not render us 
usible even of their existence. Electricity, in like 
inner, would avail to give information altogether 
stinct from that which light can impart. 

But again, the senses by which we judge of what is 
ing on around us are after all merely certain means 
r which we judge of causes by their effects. When we 
y, for instance, that we have seen such and such an 
ject, or watched such and such an evqpt, what we 
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sions which we can only explain by the ex» 
of that object, or by the occurrence of that 
We know, in fact, that in certain exceptional 
impressions resembling those caused by the 
presence of an object, or by the actual oecur- 
af some event, may arise where no such object 
en present, or where no such event has taken 
till, we commonly feel safe from error in 
ding from certain impressions conveyed to the 
ly the agency of the senses that certain objects 
been really present, at rest or in action, 
11s. 

,t then, even man, limited as are his powers, e.m 
dlow a series of effects and causes far more 
•ous than those concerned in the act of vision; 
he can become certain of the occurrence of pa-t 
of which no sense he possesses gives him any 
information. For example, though I neither 
te battle of Waterloo nor heard the thunder of 
ms there, yet I am as certain that the hatth- 
took place as though sight and hearing had 
me direct information on the matter. And 
I inquire whence that certainty arise-, I tind 
iplicated series of events involved in ray a.qui- 
of the knowledge that the battle took place, 
iterpretation of the letterpress account of the 
involved in itself a number of mow or F-s 
ex relations, associated with the question of 
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ations of letters represented certain words, and 
t certain words represented certain ideas. Not to 
o\v out the long train of thoughts thus suggested, 
will he clear that, with regard to a variety of 
tiers, tlu: knowledge which any man lias is asso- 
ed with considerations of cause and effect, of 
icral experience, of confidence in the accounts of 
ers or in his own judgment, which are in reality of 
ighly complex character. 

Now, we are led by these thoughts t,o remember that 
ependently of those records of past events which 
continually present throughout the universe in 
cesses resembling those which directly affect our 
ses, such events leave their record (even to their 
mtest defails) in the consequences to which they 
e led. If a great naturalist like Huxley or Owen can 
by examining the tooth of a creature belonging to 
le long extinct race, not only what the characteristics 
hat race were, but the general nature of the scenery 
idst which such creatures lived, we see at once that a 
rle grain of sand or drop of water must convey to an 
niscient and Omnipresent Being the history of the 
de world of which it forms part. Nay, why should 
pause here ? The history of that world is in truth 
md up so intimately with the history of the universe 
t the grain of sand or drop of water conveys not 
y the history of the world, but with equal complete- 
s the history of the whole universe. In fact, if we 
sider the matter attentivelv. we see that there can- 
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attained its present exact position and slate, had 
history of any part of the universe, however 
lificant, been otherwise than it has actually been, 
in the minutest degree. 

urning from the past to the future, we must not 
e limited nature of our recognition of the course 
ture events prevent us from forming a just 
>n as to the way in which the future is in a sense 
s present. We can judge of the past by its 
s, but we are almost utterly unable to judge of 
uture by its causes. Yet we cannot doubt that 
lture is present in its germs, precisely as the past 
isent in its fruits. It may be regarded iD fact as 
y a peculiarity of man’s constitution that the past 
re clearly present to his mental vision than the 
;. It is easy not only to conceive that the future 
he past should be equally present to intelligent 
ires, but to conceive of a form of intelligence 
ling to which past events would be obliterated 
the mind as fast as they took place, while the 
i should be as actually present as to the ordinary 
n mind the past is. 

1 considering the Omniscient Omnipresent Being, 
rer, all questions of degree must be set on one 
The future must be absolutely and essentially 
at to such a Being in its germs as the past has 
shown to be in its fruits. If a grain of sand con- 
in its state, figure, and position, the picture of the 
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this is so ?—it contains with equal completeness the 
history of the universe throughout the infinite future. 
No other view is compatible with the assumption of 
infinite wisdom, and no assumption which limits the 
wisdom of a Euler of an infinite universe is compatible 
with our belief in the fitness of such a Ruler to reign 
supreme over the universe. 

Obviously also every event, however trifling, must? 
be held to contain in itself the whole history of the 
universe throughout the infinite past and throughout the 
infinite future. For every event, let its direct import¬ 
ance be what it may, is indissolubly bound up with 
events, preceding, accompanying, and following it, in 
endless series of causation, inter-action, and effect. 

So far, then, as the supervision of a Euler over the 
universe is concerned, we have two lines of thought, 
each leading to the recognition of perfect supervision. 
In virtue (1) of the omnipresence, and (2) of the infinite 
wisdom of such a Euler, He could see at each instant 
the whole universe as it has been in the infinite past, 
as it is now, and as it will be in the infinite future; 
and this being as true of any one instant as it is of any 
other, we recognise the operation of yet a new form of 
infinity—the infinite duration of the Euler’s existence 
—to render yet more inconceivably perfect His super¬ 
vision of the universe. 

With regard to control it need hardly be said that 
if a Ruler does exercise control, apart from the laws 
assigned to His universe, His knowledge of the pro- 
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(1 remodelling—of the annulment of a law here, or 
suspension there—in order that the whole might not 
1 to wrack. But with a Ruler infinitely wise, there 
ould be no such necessity. The whole scheme of 
e universe would be so perfect that direct interveri- 
>n would not at any time be required. 

To sum up, we perceive that, before a Ruler oinni- 
esent, omniscient, and omnipotent, the infinite pjfst. 
d the infinite future of the universe would be at all 
nes sensibly present; that each the minutest atom 
d every the least important event would exhibit 
fore Him at each instant the perfect history of the 
nitless past and future of f he universe; and lastly, 
at His infinitely perfect consciousness of, and con- 
d over, all that has been, is, or will be, would be 
finitely multiplied (to use the only available expres- 
m) by the infinite duration throughout which His 
istence would extend. 
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